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TRANDES: A FORTRAN PROGRAM FOR TRANSONIC 
AIRFOIL ANALYSIS OR DESIGN 

BY 
Leland A. Carlson 

Texas A&M University 

SUMMARY 

A program called TRANDES is presented that can be used for the analysis of 

steady, irrotational, transonic flow over specified two-dimensional airfoils in 
free air or for the design of airfoils having a prescribed pressure distribu- 

tion, including the effects of weak (no massive separation) viscous interaction. 

Instructions on program usage, listings of the program, and sample cases are 
given. 

INTRODUCTION 

The program described in this report can be used for either the analysis of 
the flowfield about an airfoil in free air or for the design of an airfoil 
having a specified pressure distribution. In the direct or analysis mode the 
airfoil shape is prescribed and the flowfield and surface pressures are deter- 

mined. In the direct-inverse or design mode an initial nose shape is given 

along with the pressure distribution on the remainder of the airfoil, and the 

flowfield and actual airfoil shape are computed. In either case, the effects of 
weak viscous interaction may be included at the option of the user. 

The program solves the exact equation for the perturbation potential in a 

Cartesian coordinate system. Most of the,background about the equations solved, 

formulation of the boundary conditions , and the difference scheme used is given 

in references 1-3. This report gives instructions on the use of the computer 

program and also some additional details concerning the inclusion of weak vis- 

cous interaction. It should be noted that in this report the term weak viscous 
interaction implies that there is no massive boundary layer separation on the 

airfoil. Nevertheless, for aft-loaded airfoils at transonic speeds, the effect 

of viscous interaction on airfoil performance may still be quite large. 
The next section gives a general description of the problem and the method 

of solution. Then the instructions for using the computer program,and a de- 

scription of the inputs and outputs are given. The appendices contain 



additional details as well as listings of the program and the sample cases. 

GENERAL DESCRIPTION 

The program described in this paper obtains the inviscid flowfield by 

solving the full , inviscid, perturbation-potential flow equation in a Cartesian 

grid system. This system which is usually aligned relative to the airfoil 

chord line, has been found to efficiently yield accurate solutions for biconvex, 

conventional, and aft-cambered airfoils. In the program, a stretching is ap- 

plied to the coordinates such that the infinite physical plane is mapped to a 

finite computational space. Thus, the boundary conditions at infinity can be 

applied directly and there is no need for an asymptotic far-field solution. 

Details about the stretching functions are given in appendix A. 

The method of solution is to replace the governing second-order partial 

differential equation with a non-conservative system of finite difference eq- 

uations that includes,at supersonic points, a form of Jameson's "rotated" dif- 

ference scheme (ref.4). The difference equations are then solved by column 

relaxation, which in order to obtain rapid convergence is usually-done on sev- 

eral different grids. In the analysis case, the difference equations are first 

solved on a very coarse grid (typically 13x7). The solution is then interpo- 

lated and used as an initial condition for a coarse grid (typically 25x13). 

This procedure can be repeated twice more to obtain solutions on a medium grid 

(49x25) and on a fine grid (97X49). The latter has 130 points on the airfoil; 

however, excellent results are usually obtained on the medium grid, particularly 

considering the computer time involved. For typical examples see reference 1. 

In the inverse case, which is normally used for airfoil modification or 

design, an initial airfoil shape must be assumed. However, this choice is not 

critical, and the final airfoil shape may be considerably different. Since exi 

perience indicates that the inverse scheme works best if the perturbation po- 

tentials have reasonable initial values, fifty relaxation cycles are first per- 

formed in the direct mode for the initial airfoil shape on a very coarse grid. 

The grid is then halved and the inverse procedure initiated using the input 

pressure distribution as the boundary condition in the inverse region. As in 

the direct case, the grid may be refined again to the medium grid (typically 

49x25) where the results are usually adequate. Fine grid usage in the inverse 
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case is not recommended due to slow convergence. On each grid the airfoil 

shape is recomputed every ten relaxation cycles after the first fifty. 
After the solution has been obtained in the design case, the resultant 

shpae is treated as a displacement surface and the displacement thickness is 

automatically subtracted to obtain the actual airfoil surface. The boundary 

layer charactqristics are determined by the Nash-Macdonald method (ref.5) 

with smoothing. 
The effects of viscous interaction may also be included in analysis cases 

at the option of the user. To preserve numerical consistency with the inverse 

scheme, the Nash-Macdonald method is also used in such 'analysis cases, starting 

with the 50th cycle on the coarse grid. At that point the displacement thick- 
ness is computed at the same x coordinates as the inviscid grid and the dis- 

placement surface ordinates updated using under-relaxation. The slopes are 

then determined from cubic splines through the new ordinates, which are updated 

by a new boundary layer calculation every ten relaxation cycles thereafter. 

For those cases having extensive trailing edge separation an empirical boundary 

layer correction is available. However, it is not necessary for most cases. 
It should be noted that while the program can include the effects of bound- 

ary layer interaction, no correction has been applied for the effects of wake 

curvature and an empirical approach has been used in the trailing edge region. 
Thus, the results should be viewed as pressure versus lift coefficient, moment 

vs. lift, etc. instead of angle of attack. However, the error in angle of 
attack is believed to be small. 

Typical total computation times on an Amdahl 47O/V6 or a CYBER 175-T are 

60-70 seconds for medium grid results and less than 250 seconds for fine grid 
solutions. 

PROGRAM USAGE 

The program is written in FORTRAN IV programming language for use on IBM 
360-370, Amdahl 470, CDC 6600, and CDC CYBER series computers. The program can 

be overlaid in order to reduce computer storage, if required. In nonoverlay 
mode it requires less than 200,000 bytes on an IBM type machine. Some modifi- 

cation to formats etc. may be required to run the program on different computer 

systems. 
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The input cards are summarized in the following table: 

Read 
Order 

1 

2 

3 

4 

5 

6* 

7 

8 

9 

10 

11 

12 

13* 

14* 

15* 

16* 

17* 

18* 

19* 

20* 

4 

Variables 

NTITLE 

NAMELIST/FINP/M,W,Xl,X2,ALP,EPS,EPSS, 

X4,S4,CONV,Al ,AP,A3,RN,XIBDLY ,CIR,CDCORR, 

RDEL,RDELFN,SP,XSEP,XLSEP,XPC 

NAMELIST/IINP/IMAX,JMAX,IKASE,INV,MITER, 

NHALF,ITACT,ISKP2,ISKP3,ISKP4,ITERP,IREAD, 

LP,ITEUPC,ITELWC 

P(I,J) I=l,IMAX; J=l ,JMAX (Only if IREAD=l) 

PB(1) I=1 ,IMAX (Only if IREAD=l) 

Xl ,x2 

NI 

XI(I),YI(I), I=l,NI 

DERIX,DERIY ,DERFX,DERFY 

NIB 

XIB(I),YIB(I), I=l, NIB 

DERIXB,DERIYB,DERFXB,DERFYB 

Xl ,x2 

CPU(I), I=11 , ITE 

CPL(I), I=Il, ITE 

x1,x2 

CPU(I), I=11 ,ITE 

CPL(I), I=Il, ITE 

Xl ,x2 

CPU(I), I=Il, ITE 

Format 

20A4 

Namelist 

Namelist 

5E15.7 

5E15.7 

2F10.5 

15 

8F10.4 

8F10.4 

15 

8F10.4 

8F10.4 

2F10.5 

8F10.3 

8F10.3 

2F10.5 

8F10.3 

8F10.3 

2F10.5 

8F10.3 



21* CPL(I), I=Il, ITE 8F10.3 

* Read only in the design mode when INV=l 
NOTE: In the design mode steps 13-15 are for the coarse grid, 16-18 

for the medium and 19-21 for the fine grid (if used). 

The definitions of these input variables are as follows: 

NTITLE - Description of case. Up to 80 alphanumeric characters. *Appears on 

M 
W 

Xl 

x2 

ALP 

EPS 

EPSS 

x4 

s4 

CONV 

Al 

printed output, at the beginning of the results for each grid. 

- Freestream Mach number (real variable). Default 0.5 

- Relaxation factor for subsonic points. Should be in the range O<W*2.0 

Default 1.7 

- X location where direct calculation stops. In analysis mode it should 

be set to 0.5 (i.e. trailing edge). In design mode it is usually set 
to slightly less than the third point from the leading edge or larger. 
Default 0.5 

- End of the inverse region. For analysis case set to a large number. 

Default In inverse design case set to 0.5 (i.e. trailing edge). 

10000.0 

- Angle of attack in degrees. Default 0.0 

- Subsonic damping factor to match difference equations at 
needed. EPS has no effect on accuracy of solution, only 

and convergence rate. Normally it is not needed. Defau 

- Supersonic damping factor for iterative stability. Note 

sonic line if 

on stability 

1t 0.0 

that EPSS has 

no effect on the accuracy of the converged solution, only on the sta- 

bility and convergence rate..EPSS should typically be about M2max-1, 

where Mm,, is the maximum local Mach number. Default 0.4 

- The positive X location where the coordinate stretching changes. It 

should be near the airfoil trailing edge. Default 0.49. 

- The positive 5 value in the computational plane where the stretching 
changes. Default 2.0 

- Convergence criteria control value. Iterations stop when the maximum 

change in the perturbation potential (between relaxation cycles) is 
less than CONV. Default l.E-05 

- Stretching constant for the Y direction. It can be used to control AY 

and An near the horizontal axis. It is usually best to have A5 = AQ 
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A2 

A3 

RN 

XIBDLY 

CIR 

CDCORR 

near the leading edge of the airfoil. Default 0.246 

- First stretching constant for the X-direction. It is equivalent to 

f (g) at 5= c4. The value of A2 determines the horizontal step size 

near the leading and trailing edges, i.e. 

See Appendix A. Default 0.15 

- Second stretching constant for the x-direction. It determines the 

physical location of the vertical grid line adjacent to grid side 

edge. Default 3.87. 

- Freestream Reynolds number based on chord length. Used only when 

viscous interaction included. Default 2O.E+06. 

- The x-location at which transition is assumed to occur. The turbulent 

boundary layer calculation starts at the next grid point. The rela- 

tionship to percent chord is 

XIBDLY = (X chord-50.0)/100.0 

Default -0.44. 

- Circulation about airfoil. If an initial solution is inputted, it 

must be the corresponding value of circulation. (CIR = CL/2.0). 

Default 0.0 

- Correction to the computed wave drag coefficient for the finest grid 

used. Because of the lack of a large number of points in the leading 

and trailing edge regions, the wave drag coefficient has an error as- 

sociated with grid size, spacing, and lift coefficient. The magnitude 

of CDCORR as a function of lift can be determined from a series of 

calculations at different angles of attack at subcritical speeds, where 

the wave drag should be zero. Note that the correction should be de- 

termined for each airfoil and grid combination. Default 0.0. See Ap- 

pendix B. 

RDEL - Relaxation parameter for the boundary layer displacement thickness. 

It is used only when viscous interaction is included and IMAX 2 55. 

Default 0. 25 

RDELFN - Fine grid relaxation parameter for the boundary layer displacement 

thickness. It is used only when viscous interaction is included and 
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SP 

XSEP 

XLSEP 

XPC 

IMAX 

JMAX 

IKASE 

INV 

MITER 

NHALF 

ITACT 

IMAX > 55. Default 0.125 

- Maximum value allowed for the Nash-Macdonald separation parameter when 

x < XSEP. Used only in the viscous interaction case. Default 0.004. 
- X location after which the Nash-Macdonald separation parameter can as- 

sume its calculated value. Used only in the viscous interaction case. 
Default 0.44 

- Location at which the trailing edge correction procedure begins. It 
should correspond to the point of separation, if used. Between XLSEP 
and the trailing edge the pressure distribution and the displacement 

surface is modified. Used only if ITEUPC and/or ITELWC equal 1. 

Default 0.50 
- Location after which the'lower surface displacement thickness is re- 

quired to continue decreasing once it has started to decrease. Up- 

stream of XPCthe displacement thickness is required to be monoton- 

ically increasing. For most aft-cambered airfoils it should be 0.1 
and in conventional airfoils it should be 0.5. Default 0.1 

- Number of vertical grid lines in the horizontal direction. I = 1 is 

upstream infinity and I = IMAX is downstream infinity. For each grid 
refinement IMAX is increased such that IMAXnew = 2(IMAXold) -.l. 
The limit on IMAX is 99. Default for use on first grid is 13. 

- Number of horizontal grid lines in the vertical direction. J = 1 

corresponds to infinity below the airfoil- and J = JMAX is infinity 

above the airfoil. The same formula and limit that apply to IMAX also 

apply to JMAX. Default 7. 

- An integer number describing the case. It is limited to a maximum of 
six digits. Default 100. 

- Parameter determining program mode. It should be zero for analysis 
cases and one for inverse design cases. Default 0. 

- Maximum number of iterations (complete relaxation cycles) allowed on 
first grid. MITER is halved for each grid refinement. However, on 

the fourth grid, MITER is reset to 400. Default 800: 

- Number of grid refinements to be done. Default 2. 

- Viscous interaction control parameter. It should be set to zero for 
analysis cases without interaction and for design cases. It should be 
one for analysis cases with interaction. Default d. 
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ISKP2 - Airfoil update control parameter for grid two. It should be O.if on 

grid two an update is desired every 10 iterations. It should be 1 if 

an update is not desired until the grid two solution is completed. 

Only used in the inverse design mode. Default 0. 

ISKP3 - Same as ISKP2 but for grid 3 (medium grid). 

ISKP4 - Same as ISKP2 but for grid 4 (fine grid). 

ITERP - Interpolation parameter. If in the design mode the input Cp distribu- 

tion for the grid 4 is to be read in, ITERP should be 0. If it is 

desired to linearly interpolate the Cp distribution of grid 3, it 

should be 1. Default 0. 

I READ - Starting solution control parameter. If IREAD is 0, the initial per- 

turbation solution is assumed to everywhere be zero. If it is 1, an 

initial solution is read in from data cards. Default 0. 

LP - Relaxation cycle interval at which boundary layer, surface ordinates, 

etc. details are printed. Useful for diagnostics. Default 1000. 

(No printout.) 

ITEUPC - Upper surface'trailing edge correction control parameter. If trailing 

edge correction desired, ITEUPC should be 1. If not it should be zero. 

Only used in the viscous interaction case. Normally the correction 

is not needed. Default 0. 

ITELWC - Lower surface trailing edge correction control parameter. If correc; 

tion desired, ITELWC should be 1. If not it should be 0. Only used 

in the viscous interaction case, and normally,the correction is not 

needed. Default 0. 

P(I,J) - Nondimensional perturbation potential, 4ij, at point 1,J. 

PB(1) - Nondimensional perturbation potential at point I on the y=O'grid line. 

Xl, x2 - Same definition as above. However, in the inverse design case they 

must be read in prior to the solution of each grid. On the first grid 

(step 6 in above table) should use X1=0.5, X2=10000.0. On remaining 

grids (steps 13,16, and 19), Xl should be the location where the 

direct calculation stops and X2 should be 0.5. 

NI - The number of coordinate pairs used to describe the upper surface of 

the airfoil. Presently limited to 99. 

XI(I) - Input coordinates in the horizontal direction for the airfoil upper 
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surface. The leading edge corresponds to X1=0.0 and the trailing edge 

is X1=1.0. 

YI(I) - Input coordinates in the vertical direction for the airfoil upper sur- 

face. 

DERIX - DX/DS of the airfoil upper surface at the leading edge (X1=0.0). It 

usually is 0.0. 

DERIY - DY/DS of the airfoil upper surface at the leading edge (X1=6.0). It 

usually is 1.0. 

DERFX - D3X/DS3 of the airfoil upper surface at the trailing edge (X1=1.0). 
It is usually sufficiently accurate to use 0.0. 

DERFY - D3Y/DS3 of the airfoil upper surface at the trailing edge (X1=1.0). 

It is usually sufficiently accurate to use 0.0. 

NIB - The number of coordinate pairs used to describe the lower surface of 

the airfoil. Presently limited to 99. 

XIB( I) - Input coordinates in the horizontal direction for the airfoil lower 

surface. The leading edge corresponds to XIB=O.O and the trailing 

edge is XIB=l.O. 

YIB( I) - Input coordinates in the vertical direction for the airfoil lower 

surface. Since positive is up, the values of YIB are usually negative. 

DERIXB - DX/DS of the airfoil lower surface at the leading edge. It is usually 

0.0 

DERIYB - DY/DS of the airfoil lower surface at the leading edge. It usually is 

-1.0 

DERFXB - D3X/DSS of the airfoil lower surface at the trailing edge. It is usu- 

ally sufficiently accurate to use 0.0. 
DERFYB - DSY/DSS of the airfoil lower surface at the trailing edge. It is 

usually sufficiently accurate to use 0.0. 

CPU(I) - Upper surface inverse region Cp values for design case. 11, which is 
computed internally, is the first grid point after Xl. The distribu- 

tion must be read in for each grid solved inversely (steps 14,17, 

and 20). 
CPL( I) - Lower surface inverse Cp values for design case. They must be read in 

for each grid solved inversely (steps 15,18 and 21). 
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The Program Output for each Grid is: 

1.1 
2.1 

3.) 

4.) 

5.) 

6.1 

7.) 

8.1 

9.1 

Heading 

Case Number 

Coordinate System. It is printed as 1,X(I) followed by J,Y(J). Also, 

the Mach Number, angle of attack, and the location where the direct cal- 

culation stops is printed (i.e. Xl). 

Listing of input data in namelists FINP and IINP. 

Airfoil ordinates in direct region 

X - horizontal ordinate, where -0.5 is leading edge and 0.5 is trailing 

edge 

YU - Upper surface ordinate 

YL - Lower surface ordinate 

Desired Cp distribution in inverse region. Only printed in the inverse 

design case. 

Iteration history at ten-cycle intervals. 

CIR - circulation 

DPM - maximum I$ correction (absolute value) in the last relaxation cycle 

The (1,J) grid location of DPM is also printed. 

NSSP - Number of supersonic points. 

DELST - 6* at last grid point on upper surface. In interaction cases it 

is an indicator of convergence of solution. 

DELTAY- Maximum absolute change in inverse region of the computational 

plane displacement surface ordinates during last surface update. 

Boundary layer details etc. - Every LP cycles details of the boundary layer 

calculation, current surface ordinates in computational coordinates, and 

surface slopes are printed. Useful if diagnostics needed. 

Final Boundary Layer Results (Viscous interaction case only) 

YUORIG - Airfoil upper surface ordinate. 

DU - Upper surface displacement thickness 

SLU - Slope of upper displacement surface 

YLORIG - Airfoil lower surface ordinate 

SLL - Slope of lower displacement surface 

DL - Lower surface displacement thickness 
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10.) Pressure Distribution on Airfoil 

11.) Displacement Surface Ordinates and Slopes - In the inviscid case this 

will be the same as airfoil ordinates etc. 

12.) Mach number chart of the flow field in the computational plane. Numbers 
printed are the Mach number multiplied by 100. I increases from top 
to bottom. J increases from left to right. 

13.) Wave Drag Coefficient 

14.) Plot of Results 

U - Upper surface Cp 

L - Lower surface Cp 

T -' Upper displacement surface 

B - Lower displacement surface 

CLCIR - Lift coefficient from circulation 

CL - Lift coefficient from integration of Cp 

CD - CDWAVE + CDF 

CMLE - Moment coefficient about leading edge 

CDF - Skin friction drag coefficient 

CMC4 - Moment coefficient about quarter-chord 

In addition, in the inverse case the following is printed after the final grid 

results. 

15.) Boundary layer details - Upper surface 

16.) Airfoil ordinates of Upper surface 

YOLD - Displacement surface ordinate 

YNEW - Airfoil ordinate 

DELSTAR - Displacement thickness 

17.) Boundary layer details - Lower surface 
18.) Airfoil ordinates of lower surface. 
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APPENDIX A 

COORDINATE STRETCHING FUNCTIONS 

To facilitate the application of the infinity boundary condition, the co- 

ordinates are stretched from a physical x-y plane to the computational 5-n 

plane. To do this, the x-axis is subdivided into three regions. The first is 

from x = -co to x = -x4. The second is from x = -x4 to x = x4, and the last is 

from x = x4 to x = +a. 

The stretching is symmetrical about the origin and is given by 

x = x4 + A2 tan [;(~-6~)] + A3 tan [?$E-E~)~] 

in the third region and by 

x = 6(a+bS2) 

in the second region. The constants a and b are automatically computed by the 

program to staisfy the requirements 

x = x4 at 5 = c4 

and 

dx 'A2 dS = 2 at5= t4 

The constant A2 controls the grid spacing in the vicinity of x4, near the lead- 

ing and trailing edges of the airfoil, i.e. Ax = KA2 AC at x=x4. c L 
A3 determines the physical location of the grid line adjacent to the grid edge. 

In the y-direction the stretching relationship is given by 

y=A,tan ($ n) 

and thus, A, controls the grid size near the airfoil via 

$ = rAl sec2(q 17) 
2 

and aA 
Ay = + ATJ at T-I = 0 

Notice that these stretchings map the infinite x,y plane into the finite 

computational plane 

-(I + t4) _< 5 _< (1 + c4) 

-l_<?l_<l 

where c4 determines the amount of the computational plane confined to the vi- 

cinity of the airfoil. Also 

12 
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AC = ‘0+54) 
IMAX- 

and 

Finally, it should be noted that JMAX needs to be sufficiently large so 

that all points on the J=2 and J=JMAX-1 grid lines are subsonic. Otherwise, 

the rotated difference scheme may attempt to use points outside the computa- 

tional space. 

13 



APPENDIX B 

VISCOUS BOUNDARY LAYER AND WAVE DRAG CORRECTION 

Experimental evidence indicates that viscous boundary layer effects are 

very important in transonic flow. For example, an aft-cambered airfoil in- 
viscidly designed to have a lift coefficient of 0.6 may actually develop 25- 

50% less lift. This loss in lift is due not only to the existence of a boun- 

dary layer displacement surface but also to such factors as wake curvature and 

vertical pressure gradients in the trailing edge region. To prevent such dis- 

crepancies, the effect of the viscous boundary layer should be included in both 

the analysis and design portion of any numerical method. 

In the present program, the approach is to assume that the inviscid stream- 

lines follow a displacement surface having ordinates and slopes different from 

the actual airfoil. The effect of the fact that the streamlines do not follow 

a displacement surface in the vicinity of the trailing edge and that they are 

influenced by wake curvature is assumed to be either secondary or capable of 

being handled empirically. In the design case, the approach is to treat the 

airfoil determined by the inverse method as the displacement surface and to 

subtract from it the displacement thickness determined by a boundary layer com- 

putation. The result is considered to be the actual airfoil ordinates. For the 

analysis case, the approach is to calculate a boundary layer displacement sur- 

face (i.e. airfoil ordinate plus A*) using under-relaxation. The invisicid 

flowfield is then solved, and the displacement surface is updated every ten 

iterative cycles. 

Obviously, the boundary layer scheme must be reliable, reasonably accurate, 

and computationally very efficient. After extensive investigation,the Nash- 

Macdonald method (ref.5) together with certain smoothing operations, was.selec' 

ted for incorporation into the present program. In addition, the displacement 

thickness at the trailing edge grid point was always determined by linear ex- 

trapolation from the previous two upstream grid point values. As a result, the 

basic appraoch used‘in the present program is similar to that of reference 6. 

To update the displacement surface, the momentum integral equation 

2 + (H + 2..M2) + -$$ = T 

is solved for the momentum thickness 8 using the formulas of Nash and Macdonald 
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for skin friction, T, and the shape factor H = 6*/e. This computation is 

performed on the same grid spacing as the corresponding invisicid solution. 

The resultant displacement thickness is then smoothed everywhere and extra- 

polated to obtain the thickness at the trailing edge point. The s'moothing 

is performed twice on grids having IMAX less than 55 and four times on grids 
with IMAX greater than 55. 

This smoothing and extrapolation process appears to have two consequences. 

First, it reduces the rapid variations in the solution which sometimes occur 

in regions with high pressure gradients. Second, based on comparisons with 

experiments, the Nash-Macdonald method with smoothing and extrapolation seems 
to yield a trailing edge behavior that is correct with respect to the effect of 

the boundary layer on pressure distribution and lift. Admittedly,.this be- 

havior is fortuitious and some sensitivity to grid spacing has been detected. 

However, it should serve as a reasonable engineering model until a more com- 

plete,rational,trailing-edge theory is available. At that time such a theory 

could be easily incorporated into the present program. 

If a case with extensive upper surface separation is encountered, the user 

may need to incorporate the optional trailing edge correction feature of the 

program. In this correction the boundary layer is solved using a modified 

pressure distribution that is linear from a point XLSEP, corresponding to sep- 

aration, to the trailing edge. The base pressure, which determines the pres- 

sure gradient in this region, is determined semi-empirically. For aft-cambered 

airfoils, it is automatically selected to be the same as the maximum value of 

the pressure coefficient encountered on the lower surface of the airfoil. For 

conventional airfoils, it should be selected by the user based upon experience. 

(A typical value is 0.6). For aft-cambered airfoils the resultant modified 

boundary layer computation is normally applied only to the upper surface and is 

only used to .determine the ordinate and slope of the displacement surface at 

XLSEP. The slope is then assumed to be constant from XLSEP to the trailing 

edge and the resultant displacement surface shape determined. Based upon 

comparisons with experiment, this approach yields reasonably good results and 

eliminates oscillations in the pressure distribution which can occur due to 
very small changes in the displacement surface slopes. Thus the method is a 

combination of the approaches used in references 6 and 7. 
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For conventional airfoils, the modified boundary layer computation is 

used to determine when the slope of the displacement surface becomes zero. 

From that point to the trailing edge the slope is then held constant. This 

approach is based on the concept that the streamlines from both the upper and 

lower surfaces should enter the wake almost parallel. Thus, for conventional 

airfoils, if the trailing edge correction is used, it should be applied to 

both surfaces. Since in most cases, this correction is not needed on conven- 

tional airfoils, its extensive use is not recommended until it has been ver- 

ified by experiment. 

In both the normal and corrected uses, separation is assumed to occur 

when (-e/q dq/ds) is greater than 0.004. 
Now one of the difficulties associated with using a Cartesian grid is 

that such a grid does not place a large number of computational points near 

the leading and trailing edges. Thus, the wave drag coefficient, which is 

determined by integration of the pressure distribution, has an inherent error 

associated with grid size, grid spacing, and the magnitude of the lift coef- 

ficient. Extensive comparisons with experimental data has indicated, however, 

that accurate estimates of the wave drag can be obtained by applying a suitable 

correction factor, CDCORR. This correction factor, which is different for each 

airfoil and computational grid, can be determined as a function lift from a 

series of calculations at different angles of attack at subcritical speeds, 

where the wave drag should be zero. 

For each subcritical calculation, using a CDCORR of zero, determine the 

axial and normal coefficients using 

CN = CL cos a + CDWAVE sin a 
CA = -CL sin a + CDWAVE cos a 

where CL is the lift coefficient determined from integration of the Cp distrib- 

ution. Then the true CDCORR corresponding to CL can be computed from 

CDCORR = CA + CN sin a/cos a 
This value can then be used in supercritical runs having the same CL. 

In some cases , it may be more convenient to compute the supercritical 

flows using a CDCORR of zero and to apply the correction later. In those cases, 

the following procedure can be used to determine the drag. First, compute the 

axial and normal coefficients using 

16 



CN = CL cos a + CDWAVE sin a 

CA = -CL sin a + CDWAVE cos a 
Then correct the axial coefficient for the appropriate lift and grid by 

CA = CA - CDCORR 

and recompute CDWAVE by 
CDWAVE = CN sin a + CA cos a 

The total drag coefficient is then given by 

CD = CDWAVE + CDF 

In all cases the drag due to skin friction and to changes resulting from 

the displacement surface shape is computed using the Squire-Young formula. 

While,this formula is not exactly theoretically correct, it has been found to 

yield very accurate predictions. 
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APPENDIX C 

PROGRAM LISTING 
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‘C i*+******+. TRANDES-- TRANSONIC ANALYSIS AND DESIGN PROGRAM *+****+ 00000001 
C ********* LELAND A. CARLSON. TEXAS AEM UNIVERSITY, 713-84%7541*****00000002 
c ***++*a*** JULY 1976***4++*+****+4*+**$***t******+*+*+*+***~***~* 00000003 
C 00000004 

REAL M 00000005 
DXMENSION NTIJLE~20~~AA~‘500J.IONIC~99J 00000006 
COMMON CPU(99)rCPL(99)~Et99J,DUl(99) rDU2(99) .DLl(99J rDL2U99~.D(99300000007 

lrFF~990.FFP12(99J,FFMl2~99J~FFMl~99J~FFM32~99J, 00000008 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2).X~99)*Y(99),YU(991~YL(99J,sLu~99J*sLL~99~, 00000010 
3A1.A2~AI2.ALP.CIR.EPS.EPSS~DE.DS,DP,DPM.F~FPl2,FMl2,FM32.M,QI.Q~2.OOOOOOll 
4W.X1~X2~VVJB~VVJBlrAAJBl.AAJB,QQJB~QQJBl~UUJB.VVJBPl.QQJBPl,AAJBPlOOOOOOl2 
5,Q,QQ,UUJBl,PI~PI2rA22.All.X4,S4 00000013 

COMMON I.ITE~ITElrILE~ILE1,Il,~ll,ICON~i~AX,IMAXl.INV.JB,JAl.~Bl, 00000014 
IJMAXsJCClNvJMAXl .NSSP. IW 00000015 

COMMON/JS/GG~99~~GGPl2~99)rGCM32~99~.GGP32i99~.A3 00000016 
COHMONff I X/MHALF 00000017 
CGMMClNADELTA/ITER 00000010 
CCMMONAJAMU/DELTAY 00000019 
CCWMONa?RED/ITERP 00000020 
COMMONAFIPUJ/IREAD 00000021 
COMMON~NASH/RN.IBDLY.ITACT.YUORIG~99~~YLORIG~99J~SU~PER~99~.~OWEROOOOOO22 

1(99~,DEL(99).DUPOLD(99J.DLWOLD~99.~,CDF 00000023 
C~MMONJIPTl/XIBDLY,RDEL,RDELFN.RCPB,S~~XSEP,CONV.CPB,XMON.XLSER, 00000024 

1 MITER~LPsITEUPC.ITELWC.XPC 00000025 
NAMELIST/FINP/~.W.Xl.X2.ALP,EPS.EPSS.X4,S4,C~NV.Al~A2.A3.RN, 00000026 

1 XIBDLY,CIR,CDCORR.RDEL.RDELFN.SP,XSEP~RCPB,CPB.XM~N,XLSEP,XPC 00000027 
~AMELLST/IINP/IMAX,JMAX,IKASE.INV~MITER~NHALF~ITACJ,I~KP2~ISKP3. 00000028 

1 ISKP4.ITERP~IREAD.LP~ITEUPC.ITELWC 00000029 
DELT AY=O . 0 00000030 
CDF=O. 00000031 
CDCORR=O. 0 00000032 
DPM=O:Q 00000033 
I TER=O 00000034 
MHALF= 1 00000035 
I w=o 00000036 
CIR=O. 0 00000037 
DPMSUM=O.O 00000038 
I OPM=.l 00000039 



DPOLD=O.O 00000040 
M=Q. 5 00000041 
w=1.7 00000042 
x1=0.5 00000043 
x2=10000..0 00000044 
ALP=O.O 00000045 
EPS=O. 0 00000046 
EPSS=O r4 00000047 
x4=0.49 00000048 
S4=2.0 00000049 
A1=0.246 00000050 
A2=0.15 00000051 
A3s3.87 00000052 
RN=20.OE+06 00000053 
XIBOLY=-.44 00000054 
CPB=O. 4 00000055 
ROEL=O .25 00000056 
RDELFN=O. 125 00000057 
SP=O. 0 04 00000058 
XSEP=O .44 00000059 
XLSEP=O.50 00000060 
RCPB=O .2 00000061 
XMQN=O .47 00000062 
CONV=1 -E-O5 00000063 
IMAX= 00000064 
JMAX=7 00000065 
IKASE=lOO 00000066 
IhV=O 00000067 
MITER=800 00000068 
NHALF= 2 00000069 
ITACT=O 00000070 
ISKPE=O 00000071 
I SKP3= 0 00000072 
I SKP4=-.0 00000073 
I TERP= 0 00000074 
IREAD=O 0000007s 

LP=lOOO 00000076 
I JEUPC=O 00000077 
I.TELWC=O 00000070 
XPC=O. 10 00000079- 



- 

READ(5,1)(NTIJLE(I~rI=lr20) 00000000 
1 FORMATQEOA4) 00000081 

PRINT 2 00000082 
2 FORMAJl1Hl) 00000003 

READ{5 rFINP) 00000084 
EPSSD=EPSS 00000085 
EPSO=EPS 00000086 
BETA=SQRTU 1 .-M*M 1 00000087 
READ(S.IINP) 00000088 
lCASE= IKASE 00000009 

800 1 CONTiNUE 00000090 
ALPDEG=ALP 00000091 
CPSJAR=1.428/(M*#~*~(~1.+0.2*M*M~/1.2~**3.5-1.~ 00000092 
PI=4.+ATAN(l.O) 00000093 
PI2=0.S+PI 00000094 
ALP=ALP*PI/180. 00000095 
A22=2./(PI*A23 00000096 
A11=2rJ(PI*Al) 00000097 
CALL VALUE 00000098 

101 PRINT 3r(NTITLE~I);I=l.20) 00000099 
3 FORMAT U20A4 1 00000100 

CALL COORD 00000101 
PRINT 6,M,ALPDEG,Xl,ICASE 00000102 

6 FORMAT(lHO,3X+‘MACH NO. IS a .F’5.3.’ ANGLE OF ATTACK IS 'qF5.3.' DE00000103 
1GREES' */.10X,' DIRECT SOLUTION JO '~F8.2. 1’. 00000104 
225X.‘CkSE NUMBER’.161 00000105 

IF(INV.EQ.O)PRINJ 6001 OOOOOlO6 
6001 FORMAT61HOs3X. 'INVISCID ANALYSIS CASE') 00000107 

IF(ITACT.EQ.l)PRINJ 6002 00000100 
6002 FDRMATt 1H s3Xe'WITH VISCOUS INTERACTION') 00000109 

IF(INV~EQ.1lPRINJ 6003 00000110 
6003 FORMAJXlHO,3X,*fNVERSE DESIGN CASE.1 00000111 

WRIJEt6rFINP) 00000112 
WRITE(6,IINP) 00000113 
IF(MHALF.EQ.l)GO TO 102 00000114 
JB=JMAX/E+I 00000115 
DO 104 I=ILE,IMAX 00000116 



104 P~I.JB-1)=0.5*(P~I.JB-2ltPB~I~l 00000117 
P(IHAX,JMAX-l)=P(IMAXIJMAX-2) 00000118 
P(IMAX-lrJMAXl=P(IMAX-2rJMAX) 00000119 
P(2,JMAX)=P(J,JMAXl 00000120 
P(l,JMAX-ll=P(l.JMAX-2) 00000121 
PI1,2)=PIlr3) 00000122 
P(2.13=P(3.11 00000123 
P(IMAX-l,l)=P(IMAX-2.1) 00000124 
P(IMAX,2)=P(IMAX,3) 00000125 

102 CENT LNUE 00000126 
ILEl=ILE-1 00000127 
I11=11-1 00000128 
ITE=IMAX-ILEl 00000129 
iTEl=ITE+l 00000130 
CALL. FCIL 00000131 
IF~IREA3.EQ.1.AND.MHALF.EQ~l~MHALF=MHALF+l 00000132 

7 DO 8 J=l.JMAX 00000133 
8 Pl(Jl=P(l.JI 00000134 

CALL FLOW1 00000135 
CALL FLOW2 00000136 
IF(INV.EQ.OlGO TO 9 00000137 
IF(MHALF.EQ.lJGD TO 9 00000138 
CALL FLOW3 00000139 
IF<X2.GT.lOOO.OIGO TO 10 00000140 

9 CALL WAKE 00000141 
10 STE=S4+2./PI*ATANI (0.5-X4)/A2) 00000142 

CIR=-~STE-S~ITE+1~~/DS~(P(ITE.JB~-PB~ITE~~t~S~E-S~ITE~~/DS* 00000143 
l(P<ITE+lrJBl-PB(iTEtll.1 00000144 

CUANl=-.S*CIR/PL 00000145 
QUAN2=ATAN(BETA+Al/A24DS/DE) 00000146 
QUAN3=ATAN(BETA*TAN(ALP)) 00000147 
IF(M.GJ.1.3GO TO 11 00000148 
IF-(ALP.GT.O.OPGO TO 108 00000149 
IF(ALP.LT.OrO)CO TO 1081 00000150 
P( IMAX. JMAX b=QUANl*QUAN2 00000151 
DO 12 Ii=2,IMAXl 00000152 
P(I,JMAX)=- CIR/4.0 00000153 

12 P(I.lb=-01754CiR 00000154 
P(l.JHAX)=QUANl*(PI-QUAN21 0000015s 



P<I.lJ=QUANl*(PI+QUAN2) 
P(IWAX.l)=QlJAN1*(2.*PI-WAN21 
CO 13 J=E.JMAXl 

13 P(1.J) =-o.s+CIR 
JBMl=JB-1 
DO 14 J=2,JBMl 

14 P(IMAX,J)r-CIR 
GO TO 109 

1081 DO 1083 1=2sIMAXl 
PI I. JMAXb=PUANl*(PI+ATAN(BETA/TA/TAN(ALP) 1 ) 

1083 P(I.l)=QUANl*PI+P(I.JMAX) 
GO TO 1082 

108 DO 110 I=2,IMAXl 
P(I,JMAX)=QUANl*ATAN(BETA/TANo 

110 P(I.l)=QUANl*PI+P(I,JMAX) 
1082 CCNTINUE 

DO 111 J=2, JMAXl 
111 P(l.J)=QUANl*dPI-QUAN3) 

JBMl=JB-1 

DO 112 J=2rJElMl 
112 P(IMAX,J)=QUANl*(2.*PI-QUAN3) 

DO 113 J=JBvJMAXl 
113 P(IMAX,J)=QUANl*(-QUAN3) 

P< IMAX.JMAX)=QUANl*QUAh2 
P(l.JMAX)=QUANl*(PI-QUAN21 
P(l,l)=QUANl*(PZ+QUAN2) 
P(IMAX,l)=QUANl*(2.*PI-QUAN2) 

109 CONTINUE 
PB( IMAX)=-CIR+P( IMAX. JE) 

11 ITER=I TER+l 
DPMSUM=DPHSUM+DPM 
IDPM=IDPM+l 
IF(IDPM.LE.lO)GO TO 512 
DPOLD=DPMSUM 
DPMSLJM=O.O 
IDPM=l 

512 CONTINUE 
IF< ITACT.EQ.1 ~DELTAY=DUPOLD(ITE~ 
IF(ITER/lO+lO.EQ.ITER~ 

00000156 
00000157 
00000 158 
00000159 
00000 160 
00000 161 
00000162 
00000 163 
00000164 
00,000 165 
00000 166 
00000167 
00000168 
00000 169 
00000170 
0000017L 
00000172 
00000173 
00000174 
00000 175 
OOqOO176 
00000 177 
00000 178 
00000 179 
00000180 
00000181 
00000182 
00000183 
00000 184 
OOOOOlB5 
00000186 
00000 187 
00000 188 
00006 189 
00000 190 
00000191 
00000 192 
00000193 
0000019p -. 



1PRLNT l5,LTER.CIR.DPM.ICON.JCON.NSSP.DELTAY 00000195 
15 FDRMATtlH .'ITERATION'.I4.' CIR = 'rF8.5. DPM = 'rF11.8.' AT'. 00000196 

1213.' NSSP = '.14.' DELTAY OR DELSTAR = l vF7.4) 00000197 
IF(M.LE.l.O)GO TO 16 00000198 

C ADD P(IMAX.JP CARD hERE FOR M CT 1.0 CASE 00000199 
16 IF~INV.EQ.O.AND.ITACT.EQ.O~GO TO 24 00000200 

IF(MHALF.EQ.l)GO TO 24 00000201 
IF~IREAD.EQ.1.AND.ITACT.EQ.l~GO TO 9005 00000202 
IF(ITER.LT.SO~GD 'TO 24 00000203 
IF<ITACT.EQ.I)GO TO 9005 00000204 
IF(MHALFrEQ.2.AND. ISKP2.EQ. 1)GO TO 24 00000205 
IF(MHALF.EQ.3.AND.ISKP3.EQ.l~GO TO 24 00000206 
IF<MHALF.EQ.4.AND.ISKP4.EQ.llGD T.0 24 00000207 
IF(ITER/10+10.EQ.ITER)CALL SHAPE 00000208 
GO TO 9006 00000209 

9005 IF(ITER/10*10.EQ.ITER)CALL VISACT 00000210 
9006 IF~ITER/LP*LS.EQ.ITER)PRINT221o.YU~I~~YU~I~,YL~I~~I=ILE~IMAXl~ 00000211 

IF(ITER/LP*LP.EQ.ITERJPRINT 22r(X(I~.SLU(I).SLL(I~.I=ILE,IMAXl~ 00000212 
24 CONTINUE 00000213 

IF(ITER.GE.MITER)GO TO 17 00000214 
IF(INV.EQ.O.AND.ITACT.EQ.O)GO TO 106 00000215 
IF~~MHALF.GT.l)GCI TO 106 00000216 
LF~MHALF.EQ.l.AND.ITER.LT.5O~GO TO 106 00000217 
DPH=O. 00000218 

106 CONTINUE 00000219 
IF(DPM.LT.CONV)GD TO 17 00000220 

21 DPM=O.O 00000221 
GO TO 7 QQOOO222 

17 CONTINUE OOQOO223 
C *** THE FOLLOWING CAN BE USED TO PRINT OUT THE *:***+** 00000224 
C ******PERTURBATION POTENTIAL FLOWFIELD SOLUTION IF DESIRED******* 00000225 
C DO 18 JJ=l,JMAX 00000226 
C J=JHAX+l-JJ 00000227 
C PRINT 19.J 00000228 
C 19 FORMATdlH .'ROW 'r15) 00000229 
C PRINT 20.(P(I,J),I=l,IMAX) 00000230 
C 20 FORMATt1i-l ,lOE11.3) 00000231 
C 18 CGNTINUE 00000232 



. . . . . 

C PRINT 19. JB 00000233 
C PRINT EO.(P6(L~.I=l,IMAX) 00000234 

IF(MHALF.LE.NHALFlGO TO 8007 00000235 
C ***** THE FOLLOYING CA BE USED TO PUNCH DUTPUT IF DESIRED****** 00000236 
C DO 8005 JJ=lr JMAX 00000237 
C8006 FORMATdSE15.7) 00000238 
C J=JMAX-JJ+l 00000239 
C8005 CCNTINUE 00000240 

8007 CQNTINUE 0000024 1 
C PRINTE SHAPE HERE IF REQUIRED 00000242 

IF(HHALl=.EQ.l)Gtl TO 26 00000243 
IF( INV .EQ.l )CALL SHAPE 00000244 
I,F( ITACT.EQ.O)GO TO. 26 00000245 
IF(ITER.GE.HITER)GO TO 7501 00000246 
CALL W  LSACT 00000247 

7501 PRINT 9008,RN 00000248 
9008 FDRMATd’O’, ‘BOUNDARY LAYER ANALYSIS FOR REYNOLDS NUMBER 0F’,E12.3,00000249 

*//.SX. ‘X’.9X.‘YUORIG’~4X.‘DU’~8X.‘SLU’~7X~~YLORIG’.4X~‘DL’.8X~‘SLLOOOOO25O 
*’ 1 00000251 

PRINT 9009.~X~I~.YUQRIG~I~rDUPOLD<I)rSLU~I~~SLU~I~~YLORIG~I~,DLWOLD~I~~ 00000252 
*SLLt I) .I=ILE.ITE) 00000253 

9009 FORMAT85X.7F10.5) 00000254 
GO TO 9007 00000255 

26 CALL PRESS 00000256 
9007 DO 25 I.=ILE,IMAXl 00000257 

YU(I)=Al*TANtPI/2.*YUo) 00000258 
25 YL(I)=A1+TAN(PI/2.*YCo) 00000259 

PRINT 6004 00000260 
6004 FORMAT,( 1H ,' CP BY CENTRAL DIFFERENCES.) 00000261 

PRINT 9010 00000262 
9010 FORMATUlH .'Xm,lOX.'CPU'.lOX.'CPL') 00000263 

PRINT 9011.(X(Il.CPlJ(Il.CPL(I~~~=ILE,IMAXl) 00000264 
9011 >FORMATff 1H r3F10.3) 00000265 

IMAXE=IMAX-2 00000266 
PRINT 221 00000267 

22! FORMATd 1H r.X’.1OX.‘YU’.lOX.‘YL*.lOX.‘SLU’,8X.*SLL’~ 00000268 
22 FORMAT:R 3( ’ X= ’ rF7.4.’ YU= l .F7.4.’ YL= ‘.F7.41) 00000269 

PRINT 220.(X(I).YU(I).YL(I~.SLU~I~~SLL~I~~I=ILE~ITE~ 00000270 
220 FORMATcdlH .5F10.5) 0000027 1 

IF(MHALF.LE.NHALF)GO TO 8014 ~000027~ 



8014-?CNTINUE i%OOO273 
DO 9002 I=ILE.XTE 00000274 
YUII~=ATAN~YUII~/Al)/PI2 00000275 

9002 YL(I)=ATAN(YL(I)/Al)/PI2 00000276 
DO 500 1=2.1LEl 00000277 
DO 501 J=2+JMAXl 00000278 
U=QI*~COS~ALP~+FF~I~~~P~I-I,J))/~2.*DS~~ 00000279 
V=QI*~SIN~ALP~+GG~J~*o-P~I,J+l~-P~I~J-l~~~~2.*DE)~ 00000280 
uu=u *u 00000281 
vv=v*v 00000282 
AD=AI2-0.2+<UU+VV-QI2) 00000283 

501 IONIC( JJ=lOO.O*SQRT( (lJU+VV)/AD) 00000284 
PRINT 28.~IONIC(J)sJ=2.JMAXl) 00000285 

500 CCNTINUE 00000286 
DO 502 I=ILE.ITE 00000287 
DO 503 J=2,JMAXl 00000288 

503 ICNIC( J)=O 00000289 
JBZ= JB-2 00000290 
DO 504 J=JB2.JMAXl 00000291 
IF~YU(li).GT.E(J).AND.YU(I).LE.E~J+l~~GO TO 505 00000292 

504 CONTINUE 00000293 
505 JA=J+l 00000294 

IF(JA.LE.JB)JA=JB+l 00000295 
DO 506 J-JA. JMAXl 00000296 
U=QI~(COS4ALP)+FF(I)*~~P~I+l.J)-PI-l.J)~/~2.~DS~~ 00000297 
V=QI~~SIN~~ALPl+GG~J~X~P~IrJ+1~-P~I~J-l~~/~2.*DE~~ 00000298 
uu=u*u 00000299 
vv=v*v 00000300 
AD=AI2-0.2*(UU+VV-QI2) 00000301 

506 I.DNIC( J)~=lOO.O*SQRJ<< UU+VV)/AD) 00000302 
JB2= JB+2 00000303 
DO 507 JJ=lrJMAXl 00000304 
J=JB2- JJ 00000305 
IF[YL[ 1 ).GE.E( J) .AND.YL( I) .LT.E( J+l) )GO TO 508 00000306 

507 CONTINUE 00000307 
508 JA=J 00000308 

IF,tJA.GE.JB)JA=JB-1 00000309 
DO 509 J=2rJA 00000310 
U=QI~(COS(AL~)+FF~I~~~P~I+l,J~-P~I-l~J~~/~2.*DS~~ 00000311 
V=QI~(SIN(ALPD+GG~J)*~P~I,J+l~-P~I,J-l~)~~2.~DE~~ 5)_0000312 



- - 

IF(J.EQ.(JB-l~)V=QI*(SIN(ALP)+GG(J~*~PB~I~-P~I~J-l~~/~2.*DE~~ 00000313 
lJlJ=u*u 00000314 
vv=v*v 00000315 
AD=AI 2-0.2*( UU+VV-QIE 3 00000316 

509 IONICt J)=lOO.O*SQRT((UU+VV)/AD) 00000317 
PRINT 28.,(IONIC( JT .J=2,JMAXl) 00000318 

502 CONTINUE 00000319 
DO 510 I=ITElsIMAXl 00000320 
DO 511 J=E.JMAXl 0~000321 
U=QI+~COS~ALP~+~FF~I~eo-P~I+l,J~-P~I-l~J~~/~2.~DS~~ 00000322 
V=QI*( SIN(ALP)+GG( J)*(P( I, J+l J-P{ I.J-1) )/<2.*DE) 1 00000323 
IF(J.EQ.JB)V=V-QI*(GG(J)+oI) 00000324 
IF(J.EQ.JB-l)V=V-QI*(GG~J~*~ClR/~2.*DE~)l 00000325 
ulJ=u*u 00000326 
vv=v*v 00000327 
AD=A12-0.2*(UU+VV-QI2) 00000328 

511 .IONIC( J)=lOO.O*SQRT(( UU+VV)/AD) 00000329 
PRINT 28,tIONICi J#.J=2rJMAXl) 00000330 

510 CONTINUE 00000331 
28 FURt4AT.U 1H .4013) 00000332 

DO 9003 I=ILE.ITE 00000333 
YlJ(IJ=Al*TAN(PI/2.%YU61~~ 00000334 

9003 YL(I )=AltTAN(P1/2.*YLQ II 1 00000335 
CL=0.5*~CPL~ILE)-CPU(ILE)~*~X~ILE~+O.5~ 00000336 
CPS+AG=2./(1.4*M*M)+~~l.+O.2*M*M~**3.5-1.1 00000337 
CD=(CPSTAG+CPU~ILE~~~~~YU~ILE~~*O.5-~CPSTAG+CPL~ILE~~*~YL~ILE~~*O.5OOOOO338 
CMLE=0.5*~CPU(ILE)-CPLo)*(X(ILE)~*~X~ILE~+O.5~**2 00000339 
I END=1 TE- 1 00000340 
DO 9000 I=ILE.IEND 00000341 
Tl=CPLtiI)-CPU(I) 00000342 
T2=CPL( I+ 1 I-CPU( I+1 J 00000343 
T3=(X( 1+1)-X< II )+O.S 00000344 
CL=CL+ (Tl+T2) *T3 00000345 
IF( 1TACT.EQ.I TGO TO 8010 00000346 
CD=CDt(~C~U(I~+CPU1I+l~;*O.5*~YU~I,+l~-YU~I~~-~CPL~I~+CPL~I+l~~*O.5 00000347 

l*(YLtI+l)-YL(I)) 00000348 



GO TO 8011 00000349 

L-2 8010 CD=C~~UCPUII~+CPU~1+1~~4.54:~YUORIG~I+l~-YUORIGII~~-~CPL~I~+CPL~I+100000350 
00000351 
00000352 
00000353 
00000354 
00000355 
00000356 
00000357 
00000358 
00000359 
00000360 
00000361 
00000362 
00000363 
00000364 
00000365 
00000366 
00000367 
00000368 
00000369 
00000370 
00000371 
00000372 
00000373 
00000374 
00000375 
00000376 
00000377 
00000378 
00000379 
00000380 
00000381 
00000382 
00000383 
OOQOO384 
00000385 
00000386 
00000387 
00000388 

*))*.S*YYLORIG(I+l)-YLORIGiI)) 
8011 CONTINUE 

T6=-Tl*(XtI)+O.S) 
T7=-T2*tX( I+1 )+0.51 

9000 CMLE=CbtE+( T6+T7 )*T3 
CL=CL+O.S*(CPL(ITE)-CPU( ITE) )*(0.5-X( ITE) 1 
CMLE=CMLE+O.5*~CPU~ITE~-CPL~ITE~~*~X[LTE~+O.5~*~O.5-X~ITE~~ 
IF(ITACT.EQ.l~GO TO 8012 
CD=CD-~CPU~ITE)+CPL(ITE)~*O.5*~YU~ITE~-YL~ITE~~ 
GO TO 8013 

8012 CD=CD-GDCORR 
8013 CGNTINUE 

Fk=CL*COS(ALPg-CD*SINdALP) 
FT=CL*SINtALP)+CD*COS6ALPJ 
CL=FN 
CD==FT 
CMC4=CMLE+CL/4. 
CDWAV=CD 
CD=CDWAV+CDt= 
PRINT 9012.CDYAV 

9012 FORMAT61HO.20X.'WAVE CD = 'rF10.6) 
NOV=ITE-ILE+l 
DO 114 I=ILE.ITE 
J=I-ILEl 
Jl=J+NOV 
J2=J+2+NOV 
J3=J+3*NOV 
J4=J+4*NUV 
AAtJl=X(I) 
AAtJl)=CPU(I) 
AA(JE)=CPL(I) 
AA(J3)=-YU(I) 

114 AA<J4)=-YL(I) 
NL=50 
IF(NOV.GT.45)NL=lOO 

CALL PLDT(ICASE,AA.NOVsS.NL.O) 
CLCIR=2;*CIR 
PRINT 8002.CPSTAR.CLCIR 



8002 FDRMATQ 1H .4OX,'PRESSURE COEFFICIENT'.//,41X,'CPSIAR = 'rF10.4, 
1 5Xa’CLCIR = ‘rF10.4) 

PRINT 900l.CL+CD.CMLE.CDF,CMC4 
9001 FORMATUlHO.2OX.'CL = 'eF10.4,' CD = ',F10.6,' CMLE = '~F10.4. 

+' CDF = '.FlO.b.' CMC4 = 'rF10.4) 
PRINT 8003 

8003 FORMAT,IlHl) 
IF(MHALF.GT.NHALFiGD TO 100 
MHALF=MHALF+l 
MITER=MITER/2 
CALL HALVE 

C 
IF(LNV.EQ.1 .AND.MHALFIEQ.~)MITER=~OO 
IFIMHALF.EQ.4)MITER=400 

C 
DPM=O.O 
DPDLD=O.O 
IDPM=l 
DPMSUM=O.O 
EPSS-EPSSO 
EPS= EP SD 
I TER=O 
DELTAY=O.O 
GO TO 101 

100 CONTINUE 
IF(INV.EO.l)CALL BDLY 
IF(ITACT.EQ.lDGO TO 9014 
WRITE~7,9015~~X<L~.YU~I~,YL~I~.CPU~I~.CPL~I~~I=ILE~ITE~ 

9015 FORMAT~tSF10.5) 
STOP 

9014 WRITE(7,9015~~X(I~,YUORICo,YL081C~I~rCPU~I~,CPL~I~~I=ILE~ITE~ 
STOP 
END 
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SUBRDUTI NE FOIL 00000421 
cc ********** READS IN INITIAL AIRFOIL SHAPE AND DETERMINES ORDINATES 00000422 
c a********* AND SLOPES AT COMPUTATIONAL GRID POINTS ***********a 00000423 

REAL M 00000424 
DIMENSWN X1(99) rYI(99IrX0(993 .Y0(99)rSL(99)rS0(99),XP~99~.YP~99~.OooOO425 

1DlY(99D,D2Y(99l.D3Y~99I,XIB~99I.YIi3~99~ 00000*26 
DIMENS IBN XOR(99) 00000427 
COMMON CPU~99~.CPL~99~.E~99~~DUl~99~.DU2~99~.D~l~99~.DL2~99~,D~99~0000~428 

1.FF(995.FFP12(991.FFM12~991,FFM1~99~.FFM32~991, 00000429 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
21,X(990.Y~99~+YU~991,YL~991.sLu~991.sLL~991, 00000431 
3Al,A2~AI2rALP,CIR,EPS.EPSS~DE,DS,DP,DPM~F,FPl2~FMl2,FM32~M~QI~QI2.OOOOO432 
4W,~l,X2.VVJ8.VVJB1.AAJBlrAAJBIQQJ~~QQJ~l,UUJB~VVJ~Pl.QQJ~Pl.AAJBPlOOOOO433 
5.QsQQ,UUJBl.PI.PI2.A22.AlleX4.S4 00000434 

COMMON I,ITE,ITE1.ILE,ILElrIl.Ill~ICON.IMAX~IMAXl.INV~J~~JAl,JEl~ 00000435 
lJMAX,JCON.JMAXl.NSSPqIIu 00000436 

CCMMON/FIX/MHALF 00000437 
CCMMONfiRED/ITERP 00000430 
CtMMQN/FIPUT/IREAD 00000439 
CCMMON~NASH/RN.IBDLY~ITACT~YUORIG~99~,YLORIG~99~.SUPPER~99l~SL~WEROOOOO44O 

1(99)~DEL(99),DUPOLD(99)rDLYOLDo.CDF 00000441 
CCMMON/IPTl/XIBDLY,RDELIR6ELFN1RCPB,SP,XSEP.CONV,CPB.X~N.X~SEP. 00000442 

1 MITER,LP.ITEUPC.ITELWC,XPC 00000443 
C THIS PROGRAM DEPENDS UPON AIRFOIL BEING BEING STUDIED 00000444 

PRINT 2 00000445 
2 FORMAT~1HO.20X~'AIRFOIL CODRDINATES'./,SX.'X YU YL 00000446 

1 UPPER SLOPE LOWER SLOPE') 00000447 
IBDLY=CLE-1 00000448 

215 IBDLY=IBDLYtl 00000449 
IF(X(IBDLYI.LT.XIBDLY)CO TO 215 00000450 
IF(,ITACT.EQ.llGO TO 35 00000451 
IF(INV.EQ.OlGO TO 7 00000452 

35 IF(MHALF.LE.2)GO TO 7 00000453 
I=IMAX1/2 00000454 
II-IMAX- 00000455 
ISTOR=Lll 00000456 
IF(ITACT.EQ.~~I~~=IEJDLY-1 00000457 

a CPU(~I~=CPU(I) 00000458 
CPL(IIO=CPL~II 00000459 
SLU~II~=SLU~I~ 00000460 --. 



~LL(IlP=SLLW -000004&-l 
DUPOLD<II l=DUPOLD(I 1 00000462 
DLWOLD,tL I )=DLWClLD( I ) 00000463 
YU(II~=YlJ~I~ 00000464 
YL<Ii)=YL(I) 00000465 
1=1-l 00000466 
II=1 I-2 00000467 
IF(II~G~.Ill)GD TO 8 00000468 
IMAX2=IMAX-2 00000469 
IS=IIt3 00000470 
DO 9 I=IS,IMAX2,2 .00000471 
DUPOLD< I )=. S*(DUPOLD(I+ll+DUPOLD(I-1)) 00000472 
DLWOLD41)=.5*(DLWOLD( It1 )+DLW’.YLD( I-l #) OOOOQ473 
cPu~IJ=o.5*(cPu~I+l)tcPlJ~I-l~) 00000474 
cPL(I~=o.s*(cPLlIt13tcPL~I-l~) 00000475 
SLU(L)=O.S*(SLU( I+ll+SLU(I-1)) 00000476 
SLL(I~=O.5+~SLL<Itl)+sLL~I-l~~ 00000477 
Yu(I.)=D.s*(Yu(I+lj+YutI-1)) 00000478 

9 Y~aI)=o.5*~YL~I+l)+YLo) OQOOO479 
YUt 1MAX1)=0.0001 00000480 
YL( IMAXI)=-0.0001 0000048i 
SLU(.IMAXl)=O.O 00000482 
SLL(IMAXlJ=O.O 00000483 
DUPOLDUIMAXl)=O. 00000484 
DLWOLDIIMAXl)=O. 00000485 
Ill=ISTOR QOOOQ486 
GO TO 10 00000487 

7 CONTINUE 00000488 
DO 6 I=ITElrIMAX 00000489 
YUDRdG( I )=.OOOl 00000490 
YLORIGdI)=-0.0001 00000491 
DUPOLDN I )=O. 00000492 
DLWOLDd I )=O. 00000493 
YU<IJ=O.OOOl 00000494 
YL(I)=-0.0001 00000495 
SLU(I~=O.O 00000496 

6 SLL( I)=O.O 00000497 
10 IF~INV..EQ.l)lEND=Ill 00000498 

IF(INV.EQ.O)IEND=ITE QOOOO499 
IF(HHALF.LTI~).IEND=ITE ~0000500 



w 
N 

C UPPER SURFACE,XC IN PERCENT CHORD 
IF(MHALF.GT.l JGD TO 21 
READ 14e NI 
READ l!S.(XI(IJ.YI(IJ.I=I.NIJ 
READ15rDERIX.DERIY,DERFX~DERFY 

14 FORMAT (15) 
DO 18 I=l.NI 

18 XI~IJ=XL(IJ-o.5 
21 00 16 I=ILE,IEND 

II=I-ILE+l 
1’5 fORMAT<E%F10.4J 

C 15 FORMAT(ZFlO.4J 
16 XO(IIJ=X(IJ 

NO=IEND-ILEtl 
CALL ARC~XI,YI,XO,YO,S~rSO,XP,YP,DlY,D2Y,D3Y,DERIX,DERFX,DERIY. 

1DERFY.NI.NO.l) 
IF(ITACT.EQ.l)GO TO 23 
DO 17 I=ILE.IEND 
II=L-Ii-E+1 
DUPOLD<I )=O. 
YlJ<IJ=YO(IIJ 
YUORIG~IJ=YO(IIJ 

17 SLU(IJ=YP<IIJ/XP(IIJ 
G O  TO 25 

23 00 24 &=ILE, IENO 
II=I-ILE+l 
IF6I.LT.IBDLYPGO TO 36 
IF<WHALF.GT.2)GO TO 26 

36 YU6 1 )=YcJ( 1 I J  
YUORIW I J=YO( I I J  
DUPOLD<I~=O. 
SURPER 61 J=SO( I I J  
sLu(IJ=YP(IIJ/xP(IIJ 
G O  TO 24 

26 YUORIG4IJ=YO(IIJ 
SUPPERSfJ=SOtIIJ 

24 CONTINUE 
C LOYER SURFACE, XI IN PERCENT CHORD 

25 IF(MHALF.GT.lJGO TO 22 
READ14 .NlB 
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READ15r(XIB(I~.YIB(I).1=l.NIBJ 
READ15.OERIXB,DERIYB,DERFXB,OERFYB 
00 19 1=l.NXB 

19 XIB(I)=XIB(I)-0.5 
22 CALL ARC~XIB~YIB,XO~YO,SI,SO~XP,YP,OlY.D2Y,D3Y.OERIXB,DERFXB~ 

lDERIYB~DERFYB~NIB.NO,l~~ 
ZF(ITACT.EQ.l)GO TO 27 
DO 20 I=ILE.IENO 
II=i-ILE+l 
OLYOLDflIJ=O. 
YL<I)=Yo(II J 
YLORIG.~IJ=YL(IIJ 

20 SLL(ID=YP(IIb/XP(IIJ 
GO TO 28 

27 DO 29 I=ILE.fEND 
II=I-ILEtl 
IF(I.LT.IBDLY)GO TO 37 
IF(MHALF.GT.E)GO TO 30 

37 YL(IJ=YO<IL) 
YLORIGII)=YO<LI) 
OLWOLD(I)=O. 
SLOYER~IJ=SO(II1 
SLL<I~=YP(ZIJ/XP(II) 
GO TO 29 

30 YLDRIG~flI)=YO(IIJ 
SLDYER~tI1=SO(IIJ 

29 CCNT INUE 
IFdIREAD.EQ.OJGO TO 28 
READ 217,~YU(IJ.YL~IJrSLUorSLL(I),I=ILE~ITE~ 
READ 217,4DUPDLD~IJ,DLWOLO~I~,I=.ILE~ITE~ 

217 FORMAT~t5E15.7J 
28 DO 1 I=ILE* IEND 

PRINT 3. X(I~.YU(IJ,YL~I).SLU~IJsSLL~I) 
3 FORMAT<SFlO.51 
1 CONTIN,UE 

C FINDING COOROS IN ETA-PSI SYSTEM 
DO 4 I=ILE.IMAXl 
iU(I )=ATAN( YU( I )/Al )/PI2 

4 YL<I )=ATANlYL( I )/Al)/PI2 
IFdINV.EP.O)RETURN 
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.IFtIREAD.EQ. l.AND.MHALF.EQ.l)GO TO 103 ciiooo579 
IF(MHALF.EQ.l)RETURN 00000580 
IF(MliALF.GT.3.AND.ITERP.EQ.l~GO TO 100 00000581 

103 CONTINUE 00000582 
READ(5.5J(CPU(IJrI=Il SITE) 00000503 
CPU( Ill)=O.O 00000504 
READ(5.5)tCPLt IJrI=Il .ITEJ 00000585 
CPL( IllJ=O.O 00000586 
ITEPl=ITE+l 00000587 
00 339 I=ISEPlrIMAX 00000588 
cPu(Il=o. 00000509 

339 CPL(IJ=O. 00000590 
5 FDRMATL8~10.3J 00000591 

100 CONTINUE 00000592 
PRINT 101 00000593 

101 FORMATLlHO.20X.'liPPER CP INPUT') 00000594 
PRINT 5,(CPU(IJ,I=Il .ITEJ 0000059f 
PRINT 102 OOOOO596 

102 FORMAT’UlHO.20X. ’ LOWER CP INPUT’ J 00000597 
PRINT 5,(CPL(I).I=Il .ITEJ 00000598 . 
RETURN 00000599 
END 00000600 



SUBROUTINE VISACT 00000601 
C 00000602 
C ********* COMPUTES BOUNDARY LAYER WHEN VISCOUS INTERACTION INCLUDED 00000603 
c*******t** IN THE ANALYSIS CASE ************** 00000604 
C 00000605 

REAL M.NEW 00000606 
COMMON ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1,FF(99J.FFP12(99JrFFMl2~99)rFFM32~99J. 00000608 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2J,X(99e.Y~99J.YU~99J,YlL~99J.sLu~99J*sLL~99J. 00000610 
3Al.A2,AL2sALP.CIR,EPS~EPSSIDEIDS,DPIDPM~F~FPl2.FMl2.FM32.M.QI.QI2~OOO~O6ll 
4Y,X1~X2.VVJB.VVJBlrAAJBl~AAJB.QQJBl~UUJB~VVJBPl.QQJBPl.AAJBPl~OOOO6l2 
5rQ.QQ.UUJBl~PI.PI2.A22.All.X4.S4 00000613 

C43MMON I.ITE~ITEl,lLE~ILEl,Il,Ill~ICON.IMAX,IMAXl~INV.JB~JAl,JBl, 00000614 
lJMAX,JCDN.JMAXl.NSSP,Ik 00000615 

COMMONANASH/RN.IBDLY,~TACT,YUORIG~99J~YL~RIG~99J,SUPPER~99~.SLOWEROOOOO6l6 
l~99J,DEL~99J,OUPOLO~99J,DLWOLO~99J.CDF 00000617 

COMMON/DELTAJITER 00000618 
COMMDNAIPTl/XIBDLY~ROEL,ROELFN,RCPB,SP~XSEP.CONV~CPB~X~N,XLSEP. 00000619 

1 MITER,LP,ITEUPC.ITELWC,XPC 00000620 
DIMENSION UE(99J.DSS(99J.DUDS(99J.YUN~99)rEM~99J 00000621 
'DIMENSION X1~99~.Y1~99J.X0~99J,Y0~99~+S0(99J,XP~99~,YP~99~,00000622 

lDlY(99D.D2Y(99).D3Yf99J.XIB(99JYIB99) 00000623 
DIMENSION HSI99JrXORt99J 00000624 
DIMENSION CPUT199J.CPLTt99J 00000625 
SEPMK= 0 00000626 
IF(IMAX.GT.55JRDEL=RDELFN 00000627 
ISIDE=O 00000628 
ICYCLE=l 00000629 
ICYBOT=l 00000630 
CALL PRESS 00000631 
IF(DPMrLE.CUNVJGO TO 5009 00000632 
IF(ITER.GE.(HITER-IJJGO TO 5009 00000633 
GO TO 5005 00000634 

5009 DO 5006 J=ILE,IMAXl 00000635 
CPUT(JB=CPUfJJ 00000636 

5006 CPLTtJJ=CPL(JJ OOQOO637 
5005 CONTINUE 00000638 

DO 500 J=ILE,ITE 00000639 
.YU(JJ=.Al*TAN(PI/2.*YUOJ 00000640 



j-,0 YL( J )=Al*TAN( P1/2.*YL( JJ J 00000641 
TR=O -3424 00000642 
TEl=5. E-03 00000643 
TE2=5.E-05 00000644 
LMON=I MAX1/2+1 00000645 

4001 LMON=LHON+l 00000646 
IF(X(LMON).LT.XMONJGO TO 4001 00000647 
LSEP=IMAX1/2+1 00000648 

4002 LSEP=LSEP+l 00000649 
IF(X(LSEPB .LT.XLSEPJGO TO 4002 00000650 
CM=1 .+ d2*M**2 0000065 1 
iF(ITER/LP*LP.EQ.ITER)PRINT l-RN 00000652 

1 FORMATL~HOI lOX.‘BOUNDARY LAYER ANALYSIS FOR REYNOLDS NO. OF ‘~E10.000006S3 
13.//.5X.. X’ 99x3 ‘M’.8X.‘DELS’r4X.‘THETA’.3X,‘SEP’~OOOOO654 
210X.‘H’.9X.‘PI’.5X.‘TAU’) 00000655 

1000 ISIDE=ISIDE+l 00000656 
SEPMK= 0 00000657 
00 2 J=ILE.ITE 00000658 
DEL( J)=O. 00000659 
IF~ISIOE.EQ.2JGO TO 3 00000660 
CP=CPlJ(J) 00000661 

4 TESl=(S.*(CM/(l.+.7*CP*M**2J**(.2857143J-l.)J 00000662 
EM6 J)=O. 00000663 
IF<TEST.GT.O.JEH(J)=SQRTdTEST) 00000664 
DD=1.+.2*EW(JJ*+2 00000665 
T=CM/DD 00000666 
UE( J)=EM( J)/M*SQRT(TJ 00000667 
GO TO 2 oooqo66a 

3 CP=CPL( J) 00000669 
GO TO 4 00000670 

2 CONT.LNUE 00’00067 1 
IF~ISIDE.EQ.l)USTR=UE(ITE) 00000672 
ILEPl=ILE+l 00000673 
DO 5 J=ILEPlrITE 00000674 
IF(ISIDE.EQ.2)GO TO 6 00000675 
OS-St J)=SUPPER( J)-SUPPERt J-l 1 00000676 
GO TO 9 00000677 

6 DSS( JJ=SLDYER( J)-SLOWERt J-l 1 00000670 
5 DUDS(J)=(UE(J)-UE(J-1))/DSS(J) 00000679 

DT=l . 00000680 



SEPR=O. 
HH=O. 
1 BDS= I TE- 1 
DO 200 J=IBDLY.IBDS 
EMT=(EM(J+l)+EM( JJ)/Z. 
UESA=i uE( J+l)+UE( J>)/2. 
VH=l .t .2+EMT**2 
T=CM/VM 
RFT=UESA*(T+TRJ*T/( 1 .+TR) *RN 
IF( J-NE. IBDLYJGO TO 30 
ThETl=320./RFT 
THET2=THETl 
GE=6.5 

30 FC=l .t .066*EMT**2-.OOa+EMT++3 
FR=l.- .134*EMT+*2+.027*EMT**3 
IND=O 

40 IND=INO+l 
IF(THETl.LT.l.E-06)THETl=l.E-06 
IF(FR.LT.0. )FR=ABSIFRJ 
IF(RFT.LT.O.)RFT=ABSiRFTJ 
TAU= (FC*(2.?711*ALOG(FR*RFT*THETl )+4.750+1.5*GEt1724./<GE**2+ 

1200.)-16.87) 

41 

50 

XF(TAU.LT.O.)TAU=-TAU 
TAU= 1. ATAU**E 
I-B==l./'(l .-GE*SQRTITAU J 1 
H=(HB+l.)*(1.+.178+EMT**21-1. 
SEP=-ThETl*DUDSIJtl)/UESA 
IF(SEP.LT.SPJGO TO 41 
IF(X( J,+l J .LT.XSEPJSEP=SP 
PI I=H+SEP/TAU 
IF(PII .LT.- 1.5)PII=-1 .5 
IF(PII.GT.1.E4)PII=1.E4 
CONTINUE 
G=6.1*SQRT(PII+1.81)-1.7 
TE=ABS( (G-GE )/GE J 
GE=G 
DT2=DT 
DT=(H+E.- EMT**21 *SEP+TAU 
IF(IND.GT.l)GO TO 100 
THT=THET2 
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--ThETl=DT*DSS( Jtl )+THT QOOO0721 
THETl=.S+tTHETl+THTJ 00000722 
GO TO 40 00000723 

100 DT=(DTE+DT)/E. 00000724 
TI=ABS((DT-DTE)/DTJ 00000725 
IF(TI.LT.TE2)GO TO 120 QO.OQO726 

110 THETl=DT+DSS(Jtl~+THT 00000727 
THET1=.54<THETl+THT) 0000072a 
IFCIND.LE.500JtO TO 40 00000729 
IFIPIIrEQ .-1.5)GO TO 130 00000730 
GO TO 130 00000731 

120 IF(T2.GE.TElJGO TO 110 00000732 
130 THET2=DT+DSS(J+l)+THT OOQQO733 

THETl=r5+(THET2+THT) 00000734 
SEP=-THETl*OUDS(J+lJ/UESA 00000735 
SEPR=~SEPR*DSS<J+1ltSEP*DSSo)/(DSSO+DSS~Jtl~~ 00000736 
Hli=<HH*OSS(J+lD+H*OSS(J))/~tDSS~JJ+DSS(J+1~J 00000737 
OELS=Hh*THT 00000738 
OEL(JJ=DELS 00000739 
IF(DELdJ).GT.O.l)DEL(J~=O.l 00000740 
HS(J)=HH 00000741 
IF(ITER/LP*LP.EQ.ITER~I'RINT lO.X(J~~EM(J)rDELS.THT,SEPR.HH.PII.TAUOOOOO742 

10 F0RHATI9F10.5.110.F10.5J QQOOQ743 
205 CONTINUE 00000744 

9 CONTINUE 00000745 
IF(J.EQ.IBDSJGO TO 200 00000746 . 
SEPR=SEP 00000747 
HI-t--H oQooo748 

200 CCNTINUE 00000749 
SEPR=- SEPRtE. 4SEP 00000750 
HH=HS~ITE-1)+~DSS~ITEa/DSSoJ*(HSIITE-lJ-HS~ITE-2~~ 00000751 
HS<ITEl=HH 00000752 
OELS=HH*THETB 00000753 
OEL(STE)=DELS 00000754 
IF~OEL<ITE~.GT.O.l~DEL(ITE~=O.l 00000755 
IF~ITER/LP4LP.EQ.ITER~PRINTlO~X~~TE~,EM~ITEJ.DELS.THET2~SEPR, QQQOO756 

*HH.PII.TAU 00000757 
202 IF(ISIDE.EQ.21GO TO 203 00000758 

EMSTR=EMt ITEJ 00000759 
HSTR=HH >OOOO760 



‘TSTR=THETE 
DO 170 J=ILE.IBDS 

170 IF(DELIJ+l)-LT.DEL<J))DELo=DEL(J+l~=DEL~J~ 
203 CDNTINUE 

IF(lSIDE.EQ.l)GO TO 2200 
J=ILE 

2180 J=J+l 
IF<DELIJ+l~.LT.DEL(J))GO TO 2185 
IF(J.LT.IJ3DS)GO TO 2180 
GO TO 2200 

2185 ZF(X( J).GT.XPC)GO TO 2190 
DEL< J+l)=DEL( Jl 
GO TO 2180 

2190 J=J+l 
IF(J.GT.IBDS)GO TO 2200 
IF(DEL&Jtl).GT.DEL(JD )DELt J+l)=DEL(J) 
IF<J.LT.IBDS)GO TO 2190 

2200 CONTINUE 
I SMUTH=2 
IF<IMAX.GT.55)ZSMOTH=4 
DO 171 JJ=lrISMOTH 
OLD=DEL(ILE) 
ILEP2= I!LE+2 
DO 171 J=ILEPE,ITE 
NEW=DEL( J-l ) 
DEL{ J- 1)=.25*(OLD+NEU+NEW+DEL( J) T 

171 ClLD=NEW 
FAC=-DSS( lTE)/DSS(ITE-11 
DEL( LTE)=FAC+DEL( ITE-2 I+( 1 .-FAC) *DEL ( ITE-1) 
DO, 172 J=ILEPl.IEIDS 
SLOPE=SLU(J) 
IF(ISIDE.EQ.2)SLOPE=SLL( J1 
CD=ABS,(ATAN( SLOPE) 1 
Ccl=COSct co 1 
IF(ISIDE.EP.2)GO TO 173 
DY=DUPOLD( J)+ROEL*(: DEL ( J )-DUPOLD (.J) 1 
YU( J)=YUORdG( J)+DY/CO 
DUPOLD<J)=DY 
GO TO’ 172 

173 DY=DLWOLD(J)+RDEL*<DEL(J~-DLWOLD(J)l 
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YL(J)=YLORLG( J)-DYt’CO 00000800 
DLYOLDI J)=DY 0000080 1 
GO TO 172 00000802 

172 CCINTINUE 00000803 
SLOPE-SLUt I TE J 00000804 

IF(ISIDE.EQ.2JSLOPE=SLL( ITE) 00000805 
CO=ABS3 ATANt SLOPE) 1 00000806 
CO=COSI< co D 00000807 
IF(ISIDE.EQ.E)GO TO 175 00000808 
DY=DUPOLD~ITE~+RDEL*(DEL~ITE~-DUPOLD(ITE~~ 00000809 
YU(ITEB=YUORIG(~TE)PDY/CO 00000810 
DUPOLD( ITE)=DY 00000811 
GO TD 204 00000812 

175 DY=DLYOLD(ITEJ+RDEL*~DEL~ITEl-DLWULD~ITE~~ 00000813 
YLtITE.)=YLORIG(ITE)-DY/CO 00000814 
DLWDLD6ITEl=DY 00000815 

204 CONTINUE 00000816 
IF(ITEUPC.EQ.O)GQ TO 5003 00000817 

C **INSERT SEPERATED CORRECTION HERE IF DESIRED** 00000818 
C ** SEPERATED COORECT I ON** 000 00819 

IF~ISIDE.EQ.E)GO TO 5003 00000820 
IFtICYCLE.GT.l)GO TO 300 00000821 

LMON=l MAX/P+1 00000822 
CPB=O. 00000823 
DO 5001 J=LMON, IBDS 00000824 
CPN=CPL( J 1 00000825 
CPB=AMAXl(CPB,CPN) 00000826 

5001 CONTINUE 00000827 
CPB=O. 6 00000828 
PRINT 5002.CPB 00000829 

5002 FORMAT < ’ ‘.‘BASE PRESSURE COEFFICIENT = '.F10.3) 00000830 
IFILSEP.EQ.ITE)LSEP=ITE-1 QOOOO831 

LSEP l=LSEP+ 1 00000832 
SLOP=(CPB-CPlJ(LSEP))/(.5-XtLSEP)) 00000833 
00 501 J=LSEPl .ITE 00000834 

501 CPlJ( J)=SLDP*( X( J)-X[LSEP) 1 +CPlJ(LSEP) 00000835 
ICYCLE=ICYCLE+l 00000836 
ISIDE=Q 00000837 
GO TO 1000 00000838 

5003 CONTINUE 00000839 



I 
P 

I i=(ITELWC.EQ.O~GO TO 300 00000840 
IF(ISIDE.EQ.l~GO TO 300 00000841 
*4: LOWER SURFACE CORRECTION. IF DESIRED** 00000842 
IF~ICYBDT.GT.l)GO ,TO 300 00000843 
Ii=(LSEP.EQ.ITE)LSEP=ITE-1 00000844 
SLDP=( CPB-CPLtLSEP) I/( .5-XiLSEP) ) 00000845 
LSEPl=LSEP+ 1 00000846 
DO 5004 J=LSEPlsITE 00000847 

5004 CPL(JJ=SLOP*(X(J)-X(LSEP))+CPLo 00000848 
ICYBOT=ICYBOT+l 00000849 
I S I.DE= L 000 ooaso 
GO TO 1000 00000851 

C $4 END SEPERATED REGIGN CORRECTIOh *+ 00000852 
300 CONTINUE 00000853 

IF(ISIDE.LT.B)GO TO 1000 00000854 
x0(. 1 I=-.5 00000855 
X1(1.$=-.5 00000856 
YI(ll=O. 00000857 
hI=ITE-ILE+E 00000858 
DO 210 I=ILE.ITE 00000859 
11=1-I LE+2 00000860 
XI(II)=X(I) 00000861 
Xcl~IL)=X(I) 00000862 

210 YI(II~=YU(I~ 00000863 
NO=N I 00000864 
CALL ARCIXI.YI,XO.YO~SI,SD.XP,YP~DlY.D2Y.D3Y~O.O.O.O,l.O.O.O.NI. 00000865 

1NO.l) 00000866 
CO 211 I=lLE.ITE 00000867 
II=I-ILrE+2 00000868 
YI(Sl)=YL(I) 00000869 
IF<I.LT.IBDLY)GO TO 211 00000870 
SLU(I)=YP(II)/XP(II) 00000871 

211 CONTINUE 00000872 
IF( ITEUPC.EQ.OJGO TO 5025 00000873 
LSEPl=LSEP+l 00000874 
IF(XPC.LT.O.495)GO TO 5029 00000875 
DO 5030 J=LSEPl.ITE oobooa76 
IF(SLU<J).GT.O.O)GO TO 5031 00000877 

5030 CONTINUE 00000878 
GO TO 5025 00000879 



R 
5031 DO .5032 I=J,ITE 

YU( I )=YlJI J-l 3 
5032 SLU( Il=O.O 

GO TO 5025 
5029 CONTINUE 

DO 5026 I=LSEPl, ITE 
YU(I~=YU(LSEPl+SLU(LSEP)*~X~I~-XtLSEP)) 

5026 SLU( I J =SLlJ(LSEP) 
5025 CONTINUE 

CALL A.RC~~I~YI.XD.YO.SI~SO.XP.YP.D~Y.D~Y,O~Y,O.O.O.O,-~.O,Q.Q. 
lh!.NO111 

DO 212 I=ILE,ITE 
II=I-ILE+2 
YUUI)=ATAN(YU(I)/Al)/P12 
YL(I3=ATAN(YLtI)/Al)/PI2 
IF(I.LT.IBDLY~GO TO 212 
SLL(I)=YP(II)/XP(II) 

212 CONTINUE 
IF(ITELWC.EQ.O)GO TO 5027 
LSEPl=LSEP+l 
IF(XPC.LT.O.495)GO TO 5036 
CO 5033 J=LSEPl,ITE 
IF(SLLtJ).LT.O.O)GO TO 5034 

5033 CCINTINUE 
GO TO 5027 

5034 DO 5035 I=J,ITE 
YL(I)=YL(J-1) 

5035 SLL( I)=O.O 
GO TO 5027 

5036 CONTINUE 
DO 5028 I=LSEPl I I’TE 
YL(I)=YL(LSEP~+SLL~LSEP)*(X(I)-Xo) 

5028 SLL(I)=SLL(LSEP) 
5027 CONTINUE 

HBT=(HSTR+1.)/(1.+.178*EMSTR**2)-1. 
HBB=(HH+l.)/( l.+.178+EM( ITE)**2)-1. 
CDF=TSTR+(USTR**(2.5+.5*HBT))+THET2*(UE(ITE)~*(2.54.5*HB8)~ 
CDF=E. .*CDF 
IF(DPM.LE.CONV) GO TO 5010 

-IF6ITER.GE.(MITER-1))GO TO 5010 
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GO TO 5008 -00000920 
5010 DO 5007 J=ILE,IMAXl 00000921 

CPU( J)=CPUT< J) 000 00922 
5007 CPL(J)=CPLT,fJ) 00000923 
5008 CONTINUE 00000924 

RETURN 00000925 
END 00000926 

SUBROUTINE BDLY 00000927 
C 00000928 
C *********+t COMPUTES BOUNDARY LAYER IN THE DESIGN CASE ***** 00000929 
C 00000930 

REAL M.NEW 00000931 
COMMON CPU~99~,CPL~95~.E~99~.0U1~99~.0U2~99)~DL1~99~.0L2~99~,0~99~00000932 

l.FF~99~rFFPl2~99~.FFMl2~99~~FFMl(99).FFM32(99), 00000933 
lP~~99).P2(99)rP8(99).P(99.99~.RS~99J.S(99),SUP~99),SU5(99)~TEMP(9900000934 
2)rX(99J.Y(991,YU(99~.YLt99).SLUt99).SLLt99J. 00000935 
3Al~A2,AI2rALP,CIR,EPS,EPSS~DE~DS,DP~DPM.F.FPl2,FM~2,FM32~M,QI,QI2,OOOOO936 
4W~Xl.X2~VVJB~VVJ8l,AAJ~l~AAJ~~QQJB.QQJ~l.UUJ~~VVJBPl~QQJBPl,AAJ~PlOOOOO937 
S.Q~QQ.UUJBlrPI~PI2,AZ2~All,X4,S4 00000938 

CCMMON I~ITE~ITEl.ILE.ILEl~Il~ill~ICON.IMAX,IMAXl~INV,J~.JA~~J~l, 00000939 
lJMAX,JCDN,JMAXl.NSSP,IW 000 00940 

COMMDN/NASH/RN.IBDLY.ITACT~YUDRIG~99~.YLDRIG~99~,SUPPER~99~~SLOWE~OOOOO94l 
1(993,DEL199).DUPOLDorDLYOLD(99)1CDF 00000942 

COMHON/!DELTA/ITER 000 00943 
CCMMONAIPT1/XIBDLY.RDEL,RDELFN,RCP~,SP.XSEP~CONV.CP~,XMON.XLSEP, 00000944 

1 MITERvLPs I TEUPC*ITELWCsXPC 00000945 
DIMENSION UE199).DSS(99).DUDS(99),YUN(99)~YLN~99~.EM~99~~ 00000946 
DIMENSION HS(99) 00000947 
DIMENSLON XI~99~.YI~99~~X0~991,YO~99~rXP(99~,DlY~99~~ 00000948 

lD2Y~99),D3Y(99J.XIB(99J.YIB~99).SO~99~ .YP(99) 00000949 
ISIDE=O 00000950 

LSEP=I TE 00000951 
SEPMK= 0 00000952 
ICYCLE- 00000953 
DO 500 J=ILEeITE 00000954 
YUNI JJ=YU( J) 00000955 

500 YLN( J)=YL( J 1 000 00956 
TR=0.3424 _0~0000957 



-tEl=S.Ei-03 00000958 
TE2=S.E-OS 00000959 
CM=1 .+ .2*M**2 00000960 

1 FORMAT4lHlrlOX.~6OUNDARY LAYER ANALYSIS FOR REYNOLDS NO. OF l ~E10.00000961 
13~//,5X,‘X’,9X,‘Y*r9X,‘YNEW’~8X.’M’.8X,’DE~S’.4X,‘THETA’ .3X. ‘SEP.9 00000962 
210x. ‘H’.9X.‘PI’.SX.‘TAlJ’) 000 00963 

1000 ISIDE=ISIDE+l 00000964 
PRINT l.RN 00000965 
DO 2 J=ILE.ITE 00000966 
DEL< J)=O. 00000967 
.xF(ISIDE.EQ.2JGO TO 3 00000968 
CP=CPlJt J 1 00000969 

4 TEST=(5.*(CM/~l.+.7*CP*M**2~**~.2857143~-1.)~ 000 00970 
EM{ J)=O. 00000971 
IF(TEST.GT.0. )EMt J)=SGlRTfTEST) 00000972 
DD=l.+.2tEM(J)**2 00000973 
T=CH/DD 00000974 
UE(J)=EM( J)/M+SQRT(T) 00000975 
GO TO 2 00000976 

3 CP=CPLI J) 00000977 
GO TO 4 00000978 

2 CONTINUE 00000979 
IF(ISIDE.EQ.l~LSTR=UEO 00000980 
ILEP l=LLE+l 00000981 
X0( l)=-.5 00000982 
X1( 1 I=-.5 00000983 
YI(l)=O. 00000984 
NI=ITE--ILE+2 00000985 
DO 210 I=ILE. ITE 00000986 
11=1-I LE+2 00~000987 
X1(11)=X(I) 000 00988 
x041 X)=X(I) 00000989 

210 YI~II~=YlJuI) 000 00990 
NO=N I 00000991 
CALL ARC~XI,YI+XO~YO~SI~SO~XP~YP.DlY.D2Y~D3Y,O.O.O.O~l.O.O.O~NI~ 000 00992 

llr0.1) 00000993 
DO 211 I=ILE.ITE 00000994 
I X=X-ILE+2 000 0099s 
YI(II)=YL(I~ 00000996 
sLu(II=YP~II)/xP(II) _ooo 00997 



R 

211 SUPPERdIJ=SD(II) 
CALL ARCiXI~YI.XO.YO.SI.SO~XP.YP~DlY~O2Y~D3Y.O.O.O.O,-l.O,O.O~ 

IhI,NO,l) 
DO 212 I=ILE.ITE 
II=I-ILE+2 
SLL(I)=YP~II~/XP~II) 

212 SLOYER<I)=SO(II) 
00 5 J=ILEPlrITE 
IF(ISIDE.EQ.2)GC TO 6 
DSSLJ)=SUPPER(Jj-SUPPER(J-1) 
GO TO 5 

6 DSS<J)=SLOWER(J)-SLOWER~J-1) 
5 DUDSIJ8=(UE(J)-UEIJ-l))/DSS(J) 

DT=l. 
SEPR=O. 
I-H=O. 
IBDS=LTE-1 
DO 200 J=IBDLY,IBDS 
EHT=(EM(J+l)+EM(J).l/2. 
UESA=(UE(J+l)+UE(J3)/2. 
VM=l.+ .2*EMT**2 
T=CM/V M 
RFT=UESA+(T+TR) *-l/i 1 .+TR) *RN 
IF(J.NE.15DLY)GO TO 30 
ThETl=JEO.t'RFT 
THETE=THETj 
GE=6.5 

30 FC=L .++.0664EMT**2-.008*EMT443 
FR=l.-r 134*EMT**2+.027*EMT**3 
IND=O 

40 IND=IND+l 
TAU=1.E~FC*~2.4711*ALOG~FR4RFT*THETl~+4.75~+l.54GE+l724./~GE**2+ 

1200.)-16.87)4*2 
hB= l-/11 .-GE*SQRTITAlJ)) 
H=(HB+l.)*(1.+.1784EMT*42~-1. 
S EP= -THETl*DUDS( J+l )/UESA 
IF<SEP.LTuSP)GO TO 41 
IF(X(J+lb.LT.XSEP)SEP=SP 

41 PI I=H+SEP/TAU 
.IF(PLI rLT.- l.S)PII=-1.5 
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-iF(PII .GT.l.E4)PII=l.E4 00001038 
50 CCNTINUE 00001039 

G=6.1+SPRT(PI 1+1.81)-l .7 00001040 
T2=ABS<(G-GE)/GE) 00001041 
GE=G 00001042 
DT2=DT 00001043 
DT=( H+2.- EMT**21 4SEP+TAU 00001044 
IF(IND.Gl-.l)GO TO 100 00001045 
THT=PHET2 00001046 
THETl=DT+DSS( Jtl )+THT 00001047 
Tl-ET1=.5+~THET1+THT) ooooio4a 
GO TO 40 00001049 

100 Di=IDT2+DT)/2. 00001050 
TI=ABS< (DT-DT2)/DT) 00001051 
IF(TI.LT.TE2)GO TO 120 00001052 

110 ThETA=DT*DSS( J+l )+THT 00001053 
ThETl=.54(THETl+THT) 00001054 
IF(IND.LE.SOO)GO TO 40 00001055 
IF(Pd I .EQ.- 1.5)GO TO 130 00001056 
PRINT 160 00001057 

160 FORHATt’ PROBLEMS’ 1 ooooiosa 
GO TO 130 00001059 

120 IF(T2.GE.TE13GO TO 110 00001060 
130 ThET2=DT+DSSt J+l )+THT 00001061 

THET1=.5+( JHET2+THT) OOOOLO62 
SEP=-THETl*DUDS< J+l )/UESA 00001063 
SEPR=(SEPR*DSS(J+13+SEPQDSSo)/(OSS(J)+DSS(J+l)~ 00001064 
HH=tHH*DSS( Jtl)+H*DSS( JJ )/(DSS( J)+DSS<J+l)j 00001065 
DELS=HH*THT 00001066 
DELt JJ=DELS 00001067 
IF(DEL(J).GT.O.l)DEL( J)=0.1 00001068 
HS( J)=hH 00001069 
IFtISIDE.EQ.2)GO TO 8 00001070 
SLOPE=SLU(: J) 00001071 
CG=ABS(ATAN(SLOPE)) 00001072 
co=cos~co) 00001073 
YUNf J)=YlJ< Jl-OELS/CO 00001074 
PRINT 10,X(J) .YU( J).YUN( J) *EM< J) ,DELS.THT,SEPR,HH.PII t 00001075 

1 INDI TAU 00001076 
10 FORMAPsU9F10.5 .IlO.F10.5) ~0000 1077 



IF(SEPWK.EQ.11CO TO 205 
IFCSEPR.GT.SP)LSEP=J 
IF(LSEP.NE.ITE)SEPMK=l 

205 CONTINUE 
GO TO 9 

8 SLOPE= SLL ( J 1 
CO=ABS(ATAN(SLOPE)) 
co=cosaco) 
YLN( J)=YL(J)+DELS/CO 
PRINT lO.X(JJrYL(J),YLh( J) sEM( J) rDELS,THT,SEPR.HH,PII, 

1IND. TAU 
9 CONTINUE 

IF(. J.EO.IBDS) GO TO 200 
SEPR=SEP 
HH=H 

200 CONTINUE 
SEPR=- SEPR+2. *SEP 
HH=HS~ITE-1I+~DSSfITE~/DSSo)*~HS~ITE-l~-HS~ITE-2~~ 
HS(ITE)=HH 
DELS=HM+THET2 
DEL{ ITE)=DELS 
IF(DEL< ITE) .GT.O.lbDEL( ITE)=O.l 
IF~ISILlE.EQ.2~GO TO 201 
sLOPE=SLu(ITE1 
CD=ABS<ATAN(SLOPE) 1 
co=cos (CO) 
YUN< ITE)=YlJ( ITE)-DELS/CO 
PR~NTlO.X(~TE).YU~ITE),YUN(ITE~,EM(ITE).DELS:THET2.SEPRrHH~~~~* 

1 IND.TAU 
GO TO 202 

201 SLOPE=SLL(ITE) 
CD=ABS<ATANCSLOPE)) 
co=cosd co) 
YLN( 1TE)=YL( ITE)*DELS/CO 

00001078 
00001079 
00001080 
00001081 
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PRINT lO,X(ITEJ.YL(ITE~~YLN~iTE) .EM( ITE) ,DELSITHET~.SEPR,HHIPII~ 0000~ 112 
1INDmTAU 00001113 

202 IF(ISIDE.EQ.21GO TO 203 00001114 
EWSTR=EMt ITE) 00001115 
HSTR=H H 00001116 
TSTR=THET2 00001117 



DO 170 J=ILE.LBDS 00001118 
170 IF6DEL4 Jtl) .LT.DELI. J) )DEL6 J+l )=DEL( J 1 00001119 
203 CONTINUE 00001120 

IF(ISIDE.EQ.l)GO TO 2200 00001121 
J=ILE 00001122 

2180 J=J+l 00001123 
IF(DELIJ+l).LT.DEL6Jl )GO TO 2185 00001124 
IF(J.LT.IEDS)GO TO 2180 00001125 
GO TO 2200 00001126 

2185 IF6X(J).GT.XPC)GO TO 2190 00001127 
DEL(J+l)=DEL(J) 00001128 
GO TO 2180 00001129 

2190 J=J+l 00001130 
IF<DELUJ+l).GT.DEL6J))DELo=DEL(J) 00001131 
IF6J.LT.IEDS)GO TO 2190 00001132 

2200 CCNTINUE 00001133 
I SMOTH=E 00001134 
IF(IMAX.GT.55) ISMOTH= 00001135 
DO 171 JJ=l,ISMOTH 00001136 
OLD=DELI I LE 1 00001137 
ILEP2=ILE+2 00001138 
DO 171 J=ILEP2rITE 00001139 
NEW=DEL6 J- 1) 00001140 
DEL6 J-l )=.25*6DLD+NEWtNEW+DEL( J) ) 00001141 

171 OLD=NEk 00001142 
FAC=-DSS6 ITEl/DSS(ITE-11 00001143 
DEL6 ITE&=FAC*DEL( ITE-2)+6 1 .-FAC) *DEL6 ITE-1 I 00001144 
PRINT ti80 00001145 

180 FORMAT<’ X YOLD YNEW DELSTAR') 00001146 
DO 172 J=ILEPl.IBDS 00001147 
SLOPE= SLU 6 J 1 OOd01148 
IF6ISIOE.EP.2JSLOPE=SLL6 J) 00001149 
CO=ABSQATAN(SLOPE)) 00001150 
CO=CosQCO) 00001151 
IFUISLDE.EQ.2)GO TO 173 00001152 
YUN6 J)=YU6J)-DEL<J)/CC 00001153 
PRINT 174rX<J~,YU~J)rYUN~J).DELo 00001154 
GO TO 172 00001155 

173 YLN6 J)=YL(J)+DEL(J)/CO 00001156 
PRINT 174rX6JPeYL6J).YLN(J)+DEL(J) 00001157 



174 FOWMATII~F~O.~) 

172 CONTINUE 
SLOPE=SLlJ(ITEb 

IF(ISIDE.EQ.2)SLOPE=SLL( ITE) 
CC=ABS,UATAN(SLOPE)) 
CO=COSUCOb 
IF(ISIDE.EQI~)GU TO 175 
YUN( ITE)=YU(ITEb-DEL1 ITE)/CO 
PRINT 174,X<ITE).YU(I’TE) .YUN(ITEl rDEL(ITE) 
GO TO 204 

175 YLN(ITfi)=YL~ITE)+DELo/CO 
PRINT l74rX~ITE)rYL(ITE).YLNorDEL(ITE).DEL~ITE) 

204 IF(ISIDE.LT.2)GO TO 1000 
iiBT=(HSTR+l .)/I lr+.J78+EMSTR+*2)-1. 
hBB=(HH+l.)/( l.+.178+EM( ITE)*+2)-1. 
CDF=TSTR*(USTR*+62.5t.5*HBT))+THET2*,(UE(ITE)*~(2.5+.5*HBB~) 
CDF=E.*CDF 
PRINT 3010rCDF 

3010 FORMATUlHO.’ CDF = ‘.F10.6) 
IF(X(LSEP).GE.XSEP)GO TO 3011 
PRINT 3012rX(LSEP) 

3012 FORMATOlH *‘UPPER SURFACE SEPARATION DETECTED AT ‘sF10.5) 
RETURN 

3011 PRINT 3013,XSEP 
3013 FORMATUIH ,‘NO UPPER SURFACE SEPARATION BEFORE’.F10.5) 

RETURN 
END 
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SUBROU TL NE VALUE 00001185 
C 00001186 
C ******** THIS DETERMINES THE INITIAL SOLUTICN ***** 00001187 
C 00001188 

REAL M 00001189 
COMMON CPU699~,CPL699~.E699~rDULo.DU2(99~,DU2699~~DL1699~,DL2699~~D699~00001190 

l.FF699~.FFP12699).FFMl2~99)rFFM32699~, 00001191 
1P1699~.P2699~,PB699~~P~99)1S~99~.SUP699~.SUB699~.TEMP699OOOOll92 
2)*X(993.Y(99)rYlJ699~.YL(99).SLU~99~.SLL~99~, 00001193 
3Al,A2.AI2,ALP.CIR~EPS~EPSS~DE~DS.DP,DPM~F.FPl2.FMl2,F~32.M,QI~QI2,OOOOll94 
4W~X1.X2.VVJB~VVJB1~AAJBl,AAJB~QQJB,QQJBl,UUJB~VVJBPl,QQJBPl~AAJBPlOOOOll95 
~~Q~QQ,~JUJB~~PI.PI~,A~~.A~~.X~.S~ 00001196 

CCMMON I,ITE~ITEl.ILE~ILElrIl,I~l,ICON,IMAX,KMAXl,INV,~B,JAl,JBl. 00001197 
lJMAX.JCON.JMAXl,NSSPIIW 00001198 

CC~HON/~IPUT/IREAD 00001199 
C INITIALIZES VALUES 00001200 

IFICREAD.EQ.O)GO TO 3 00001201 
DO 4 JJ=lrJMAX 00001202 
J=JMAX-JJ+l 00001203 
READ 5s6P6LsJ).I=l.IMAX) 00001204 

5 FORMATUSE15r7) 00001205 
4 CCNTINUE 00001206 

READ5,~6PB6I)rI=lsIMAXJ 00001207 
RETURN 00001208 

3 CONTINUE 00001209 
DO 1 I=l.IMAX 00001210 
PB61 )=O.O 00001211 
DO 1 J=lrJMAX 00001212 

1 P(IgJB=O.O 00001213 
RETURN 00001214 
END 00001215 



SUBROUTINE SOLVEfJL.JU) 00001216 
C 00001217 
C c******** THIS SUBROUTINE SETS UP ThE COEFFICIENTS USED IN THE *+***00001218 
c RELAXATION SOLUTION ********** 00001219 
C 00001220 

REAL MaML 00001221 
COMMON CPUi99)~CPL(99J.E(99)rDUl~99~rDU2(99J.DLl~99~.DL2~99~.D~99~00001222 

1,FF699~.FFP12699JrFFMl2699)rFFM32~99~~ 00001223 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2J,X699).Y699JrYU699~.YL699).SLL699), OQOO1225 
3Al.A2,AI2.ALP~CIR~EPS~EPSS,DE.DS,DP,DPM~~,FPl2,FMl2.FM32,M.QI,QI2~OOOOl226 
4~,Xl,X2.VVJB.VVJBl,AA.JBl,AAJB.QQJB,QQJBl.UUJB~VVJBPl~QQJBPl~AAJBP~OOOOl227 
5rQ,QQ~UUJ8l.PI.PI2.A22.All~X4.S4 00001228 

C.OMMON I,ITE.ITE1,ILE,ILEl~Il,Ill~ICON~IMAX.IMAXl~INV~JB~JAl~JBl~ 00001229 
lJMAX,JOON.JMAXl.NSSP.IW 00001230 

CCMMONAADAM/VJB,VJBl,VJBFl 00001231 
COMMONAJS/GG699),GGPl2699)rGCM32699~.GGP32.~99~,A3 00001232 
DST2=2a*DS 00001233 
DET2=2.*DE 00001234 
DEDE=DE*DE 00001235 
DSDS=DS*DS 00001236 
DSDE=DS*DE 00001237 
FDS=F/ DS 00001238 
DO 3 J=JL.JU 00001239 
IF6I.NE.ILElJGO TO 300 00001240 
IF<J.NE.JB-1)GO TO 300 00001241 
HLD=P6 ILEeJBJ 00001242 
P6ILE,JB)=PB(ILEJ 00001243 

300 CONTINUE 00001244 
G=GG(J) 00001245 
GPlE=GGP126J) 00001246 
GM12=GGM126J) 00001247 
GDE=G/DE 00001248 
U=QI*UCOS6ALP)+F*6P(I+l.J1-P16JJ~/62.*DS)~ 00001249 
V=QI*6SIN6ALP)+G*fP6I,J+l~-P6I,J-l~~/62.*DE~~ 00001250 
IF6IW.EQ.OJGO TO 6 00001251 
IF(J.EQ.JBJV=V-QI*UG*6CIR/62.*DE))) 00001252 
IF(J.EQ.JB-l)V=V-Q1*6G*6CIR/62.*DE~J) 00001253 . 

6 CONTINUE 00001254 
uu=u*u P_OOO1255 



vv=v*v 00001256 
Q=SQRT<UU+VVJ 00001257 
QQ=Q*Q 00001258 
AA=A12-0.2*(UU+VV-QI2D 00001259 
IF(AA.LT.O.O)PRINT 11,I.J 00001260 

11 FORMAT t.' AAeLT.O.0 I=' l 15.' J= '915) 00001261 
IF(AA.LT.O.O)GO TO 21 00001262 
IF(IW.EQ.O)GO TO 7 00001263 
IF(J.NE.JB.ANDaJ.NE.JB-l)GO TO 9 00001264 
Il=(J.EQ.JB-1 JGO TO 8 00001265 
VVJB=VV 00001266 
VJB=V 00001267 
AAJB=AA 00001268 
QQJB=QQ 00001269 
UUJB=UU 00001270 
GO TO 7 00001271 

8 VVJBl=VV 00001272 
VJBl=V 00001273 
AAJBl=AA 00001274 
QQJBl=QQ 00001275 
UUJBl=UU 00001276 
GO TO 7 00001277 

10 VVJBPl=VV 00001278 
VJBPl=V 00001279 
QQJBPl=QQ 00001280 
AAJBPl-AA 00001281 
GO TO 7 00001282 

9 IF<J.EQ.JB+l)GO TO 10 00001283 
7 CONTINUE 00001'284 

ML=(UU+VVJ/AA 00001285 
IF(ML.GTrl.O)GO TO 4 00001286 

C SUBSONIC POINT 00001287 
FAV=l.O*(FP12+FMl2) 00001288 
FPF=O.S*F*FAV 00001289 
SUB(J-lJ=<l .-VV/AA)+GDE*GM12/DE 00001290 
D(J)=-2.*(1 .-UU/AAJ*FPF/DSDS/W-~l.-VV~AAJ*G*(GPl2+GMl2J/DEDE 00001291 

l-EPS+FDS*U/Q*FM12/DS 00001292 
SUP(J)=(l.-VV/AAJ*GDE*GPl2/DE 00001293 
RS(J)=(l .-UU/AAJ*F*(-FP12/DSDS*P( I+1 .JJ+FAV/DSDS*(lr-1./W) 00001294 

~*P~I~J.~-FM12/DSDS*P~I-l.JJJ+U*V/AA*FDS*GDE*O.5*~P~I-1.J-l1 00001295 



-2-P<I--1.J+1J-P(I+1.J-1)+P<I+1,J+l)) 00001296 
RS( J)=RS( J)+EPS+FDS+( lJ/Q*FM12*(-P(I. J)-P(I-1. J)+Pl( J1 )/OS) 00001297 
IF(V.L&.O.O)GCl TO 200 00001298 
SUi3( J-l)=SUB( J-l )+EPS*FDS+V/Q*GM12/DE 00001299 
D(J)=D(J)-EPS+FDS*V/Q*GMl2/DE 00001300 
RS(J)=RS(J)+EPS*FDS*V/Q*GM12/DE*(P(I1J-I~-P~fI.J~~ 00001301 
GO TO 3 OCiQOL302 

200 SUPi J) =SUFt J)-EPS*FDS+V/Q*GP12/DE 0d’001303 
D(J)=D<J)+EPS*FDS+V/Q*GPl2/DE 00001304 
RSt J)=RSt J)+EPS*kOS*V/Q*GP12/DE*(P( I. J)-P( I. J+l) 1 00001305 
GO TO 3 00001306 

C DAMPING COEFF IS EPSS AT SUPERSONIC POINTS 00001307 
C StiPERSONIC CASE, V CT 0 00001308 

4 GM32=GGM32f J) 00001309 
NSSP=NSSP+l 00001310 
GP32=GGP32( J) 00001311 
IF(V.LT.O.O)GO TO 5 00001312 
SUB<J-l)=UU/QQ*GDE*GMl2/DE+EPSS*FDS*V/Q*GMl2/DE 00001313 
D~J)=-VV/QQ+FDS*FM~12/DS-UU~QQ*GDE*~GPl2+GMl2~~DE-EPSS*FDS* 00001314 

l(U/Q*FM12/DS+V/Q*GM12/DE) 00001315 
SUP( J1 =UU/QQ*GDE*GPlE/DE 00001316 
RStJ)=-(1 .--QQ/AA.)*(UU/QQ*F DS*(FM12*(P(I.J)-Pl(J))-FM32*(Pl(J)- 00001317 

1P2~JJ~~/DS+2.*U+V/QQ~F*G*~P~I,J~-Pl~J~-P4I~J-l~+Pl~J-l~~/DSD~ 00001318 
2+VV/QQ+G*(GM12*(PLI.J~-P~I.J-l~~-GU32*(P~I,J-l~-P~I.J-2~~~~ 00001319 
3DEDE 1 00001320 

RS(J)=RS(J~-VV/QQ*F*(FPl2*~P(I+l.J~-P~X.J~~+FMl2*P~I-l.J~~~DSDS 00001321 
1+U*V/QG~F*G*~P~I-1~J-1~-P~I-l.J+l~-P(I+l,J-l~+P~I+l.J+l~~/DSD~ 00001322 
2+0.5 00001323 
3+EPSS~F*~U/Q*FM12*~-P~I,J~-P~I-l,J~+Pl~J~~~DSDS+V~Q*GMl2*(P(I~J-l~OOOOl324 
4-P(I.J))/DSDE) 00001325 

GO TO 3 00001326 
C SUPERSONIC CASE V LT 0 00001327 

5 SUB( J- l)=UU/QQ*G DE*GM12/DE 00001328 
D(. Jb=- VV/QQ*F DS+FM12/DS-UU/QQ+G DE*(GM12+GP12)/DE-EPSS*F OS+: 00001329 

l~U/Q*FM12/DS-VJQ*GP12/DE) 0000 1330 
SUP( J1=UU/QQ*GDE*GP12/DE-EPSS*FDS*V/Q*GPl2/DE ; 00001331 
.RS(J 1=-t 1 .-QQ/AA)*(UU/QQ*F DS*(FM12*(P~I.J)-Pl(J))-FM32*(P1(J)- 00001332 

lP2~J~~~/DS+2.*U*V/QQ*F*G*~-P~I,J~+Pl~J~+P~I.J+l~-Pl~J+l~~~DSDE 00001333 
2+VV~QQ*G+~GP12+~P~IIJ)-P(IIJ+I~~-GP32*~P~I.J+l~-P~I,J+2~~~~ 00001334 
3DEDE 1 0000133s 



RS( JJ=RS( JJ-VV/QQ*F*~FP12*~P(I+l ,JJ-P(I,JJJ+FMl2*P(I-l.JJJ/DSDS 
~+U~V/QQ+F~~+[P~I-~,J-I)-P(I-~.J+~J-P<I+~~J-~J~P~I+~.J~~~~~~SDE 
1*0.5 
~+E~SS~F~(U/Q~FM~~+(-P~I~JJ-P~I-~.JJ+P~~J~J/DSDS+V~Q*GP~~*~P~I~J~- 
3P(I,J+JJ3/DSDEJ 

IF(I.NE.ILElJGO TO 3 
IF(J.NE.JB-1JGO TO 3 
P( ILEs JBJ=HLD 

3 CONTINUE 
RE.TURN 

21 DO 18 JJ=l,JMAX 
J.=JMAX+l--JJ 
PRINT 19.J 

19 FORMAT(~1l-l .‘ROW ‘rI5J 
PRI,NT 2O.(PtI,JJ.I=l.ZMAXJ 

20 FORMAT.tlH ,lOE11.3) 
18 CONTINUE 

PRINT 19. JB 
PRINT 20,BPBIIJ,L=l,IMAXJ 
STOP 
END 

i jOOO1336 
00001337 
00001338 
00001339 
00001340 
00001341 
00001342 
00001343 
00001344 
00001345 
00001346 
00001347 
00001348 
00001349 
00001350 
00001351 
00001352' 
00001353 
00001354 
00001355 
00001356 

SUBROUTINE PRESS 00001357 
C 00001358 
C 4444444* THIS COMPUTES THE CP DISTRIBUTION ON 1HE A.LRFOIL *****4*00001359 
C 00001360 

REAL M 00001361 
COMMON ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

l.FF(99~.FFP12(99J.FFMl2~99J,FFMl~99J,FFM32~99J, 00001363 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2~rX(99~rY~99~*Y~~99J.~L~99J.SLUl9¶~.SLL~99J. 00001365 
3A1.A2,AI2.ALP.CIR.EPS.EPSS.DE.DS,DP.DPM~F,FPl2.F~~2.FM32,M~QI.OI2.OOOOl366 
4W,X1,X2~VVJB.VVJB1.AAJ~l~AAJBrOQJBl.UUJ~,~’VJ6~l.~QJBPl,AAJ6PlOOOOl367 
5.Q.QQ.UUJE31,PI~PI2.A22,All.X4,S4 00001368 

COMMON I~ITE~ITElrILE~ILE1.Il,IllrIC(3NrI~AX.XM.rX\~SNV.JB,JA1.JBl, 00001369 
lJMAX.JCON.JMAXlrNSSP.IW 00001370 

COMMON/F I XYHHALF QOOO1371 



&lMMONANASH/RN,Il3DLY.ITACT.YUORIG~99J.YLDRIG~9 ~).SUPPER(99JrSLOWEROOOOl372 
1~99~,DEL<99),DUPDLD(99J,DLWOLD~99J.CDF 00001373 

C CCMPUTES CP’ ON AIRFOIL 00001374 
IPRM=O 00001375 
IFtITACT.EQ. 1 JZPRM=l 00001376 

19 IPRM=IPRM+l 00001377 
IEND=I MAX1 00001378 
JB2= JB-2 00001379 
DO 1 I=ILE,IEND 00001380 
TEMP2= YU( I) t?OOO1381 
IF( I .GT.ITEJYU( I J=O.OOOl 00001382 
DO 2 J=J52,JMAXl 00001383 
IF(YU< 1 J.GT.E( JJ .AND.YU( I J .LE.E( J+l) )GO TO 3 00001384 

2 CONTINUE 0000 1385 
3 JA=J+l 00001386 

IF(JA.LE.JB)JA=JB+l 00001387 
F=FF(I 8 00001388 
IFtIPRM.EQ.2)GO TO 20 00001389 
IF(I.GT.(ILE+lP)GO TO 15 000b1390 

20 u=o.o 00001391 
U=QI4~COS~ALP)+F*~~P~I+l~JA-lJ-P~I-l,JA-lJJ/~2.~DS~+~YU~I~-E~JA-lJQOOQl392 

1)4(P(I+l,JAJ-~bI.+l,JA-l~-P~I-1,JA)+P~I-1~JA-13~/~2.~DS*DE1J~ 00001393 
GO TO 16 00001394 

15 CONTINUE 00001395 
C U US.ING BACKWARD DIFFERENCE ON PHIX 00001396 

U=QI4(COS(ALPJ+F*~~3.4P~I,JA-lJ-4.4P~I-1,JA-lJ+P~I-2,JA-lJ~/~2.*DSOOOOl397 
l)+(YU( I)-EtJA-1) 00001398 
1)4~P(X+l,JA)-P~I+l~JA-l~-P~I-l,JA~+P~I-l,JA-l~~~~2.~DS~DE~~~ 00001399 

16 CONTINUE 00001400 
ulJ=u*u 00001401 
GB=All/( 1 l +TAN<P12*YU<IJ I**21 00001402 

100 V=QI~(SINCALP~+GB*I~-3.4P~I~JA-l~~4.4P~I,JA~-P~~,JA+l~J/~2.~DE~ 00001403 
l+(YU(I)-EdJA-l~~+(P(~.JA-l~-2.*P(I.JA)+P~I.JA+~~~/~DE4~2~~~ 000p1404 

101 vv=v*v 00001405 
YU<L b=TEMPE 00001406 

1 CPU(1)=~,1./~0.7+M4M))4~~1.+0.24M*M4~1.-~UU+VVJ/Q12~J4*3.5-1.~ 00001407 
ITEl=IAE+l 00001408 
DO 4 l=ILEls IMAX 00001409 
TEMPl=PB( I) 00001410 
PB( I J=P( I. JB) 00001411 



-4 P(I*JBJ=TEMPl 00001412 
J&i?= JB+2 00001413 
DO 5 I=ILE,IEND 00001414 
TEWP2=YL( I J 00001415 
IFII.GT.ITE)YL(I)=-0.0001 00001416 
DO 6 JJ==lrJB 00001417 
J=JB2- JJ 00001418 
IF(YL(C).GE.E(JJ.AND.YL(IJ.LT.E~J+l~~GO TO 7 00001419 

6 CONTINUE 00001420 
7 JA=J 00001421 

IF(JA.GE.JB)JA=JB-1 00001422 
F=FF(I# 00001423 
IF(IPRM.EQ.2JGO TO 21 00001424 
IF(1.GT.t ILE+l)JGO TO 17 00001425 

21 U=O.O 00001426 
U=QI+~COS<ALPJ+F*~~P~I+l,JAtlJ-P~I-l.JA+lJJ~~2.~DSJ+~YL~IJ-E~JA+lJOOOOl427 

1~4~P~I+l.JA+lJ-P~I+l,JA~-P~I-l,JA+lJ+P~~-l.JA~~/~2.4DS*DEJ~~ 00001428 
GO TO 18 00001429 

17 CONTINUE 00001430 
C U USING BACKWARDS DIFFERNCE SCHEME ON PHIX 00001431 

U=QI4<COS~ALP~tF4~~3.~P~I~JA+lJ-4.4P~I-l.~A+lJ+P~I-2,JA+l~J~~2~4DSOOOOl432 
lJ+(YL( I)-E(JA+l) 00001433 
lJ4~P~I+lrJA+1l-P~Itl,JAJ-P~I-l.JA+lJ+P~i-l~JA~J/~2.~DS~DE~J~ 00001434 

18 CONTINUE 00001435 
uu=u*u 00001,436 
GB=All/( l.+TAN(YL( I)+P12J**2J 00001437 

102 V=QI*(SIN(ALP~+GB*((3.~P~I.JA+l~-4.4P~I.JAJ+P~I.JA-lJ~/~2.*DE~+ 00001438 
_ l~YL~I.~-E~JA+1~~+~P~~~JA+l~-2.4Pf~~JA~+P~I,JA-l~~/~DE442~~J 00001439 

103 vv=v*v 00001440 
YL( I J=TEMPE 00001441 

5 CPL~I~=~1./fO.7*M*M~~*~~l.tO.2*M*M*~l.-~UU+VVJ~QI2~~443.5-l.~ 00001442 
DO 8 I=ILEl.IMAX 00001443 
TEMPl=PBQ I J 00001444 ’ 
PB(I)=P(I.JB) 00001445 

8 P( I.JBO=TEMPl 00001446 
IF(ITACT.EQ.lJRETURN 00001447 

11 IFLLPRM.EQ. 1 )PRIhT 200 00001448 
200 FORHATIlH ..CP BY BACKWARD DIFFERENCES’ b 00001449 

IF(IPRM.EQ.E)PRINT 201 00001450 
20 1 FORMAT4 1H s 'CP BY CENTRAL DIFFERENCES’ 1 00001451 



PRINT 12 
12 FORMAT<lH ,‘X*,lOX,‘CPlJ’ .lOXs’CPL’) 

PRINT ~3,~X~I~,CPU<I~,CPL~I~.I=ILE.IMAXl~ 
13 FQRMATtlH .3F10133 

IF( IPRM.LT.2)GO TO 19 
RETURN 
END 

SUBROUTINE FLOW1 00001459 
C 00001460 
C ********* SOLVES FLOW IN, FRONT OF THE AIRFOIL ***** 00001461 
C 00001462 

REAL M 00001463 
CCMMON CPU~99~,CPL~699~~E<99~~DU1~99~~DU2~99~.DL1~99~~DL2~99~,0~99~00001464 

l.FF(993.FFP12(99),FFMl2~99).FFMl~99~.FFM32~99~. 00001465 
lP1~99~.P2~99~.PB199~,P~99)rRS(99~.S(99~,SUP~99~~SUB~99~~TEMP~9900001466 
2).X~99)rY(99).YU(99~~.YL~99~*sLu~99~.sLL~99~. 00001467 
3AI.A2rAI2.ALP,CIR~EPS~EPSS,DE.DS,DP,DPM.F~FPl2.FUl2,FM32.M.QI.QI2.OOOOl468 
4W,X1.X2.VVJB,VVJBlrAAJBl,AAJB,QQJB,QQ~Bl.UUJB.VVJBPl.QQJBPl,AAJBPlOOOOl469 
SrQ.QQ~UUJBl,PIsPI2,A22.A11 .X4,S4 00001470 

CCMMON I~ITE,ITElrILE~ILE1.Il,Il~.IC~N~I~AX,IMAXl~XNV~JB.JAl.JBl, 00001471 
lJMAX,JCGN.JMAXl,NSSP,IW 00001472 

C RELAXES FLOW IN FRONT OF AIRFOIL 00001473 
NSSP=O 00001474 
I STAR= 2 00001475 
IF(M.LT.l.O)GO TO 1 00001476 
I STAR= 3 00001477 
DO 2 J=l.JMAX 00001478 
Pl(: J)=P(2,J) 00001479 

2 P2(J)=P(lrJ) 00001480 
1 CCNTINUE -00001481 

AI=1117.0 00001482 
AI2=A1*+2 00001483 
QI=M*AI 00001484 
0 IE=QI **2 00001485 
DO 1000 I=ISTAR. ILEl 00001486 
F=FF(IO 00001487 

2 
FP12=FiFPlE(I) 00001488 



FM12=FFM12( 11 CiOOOl489 
FM32=FFM32( 11 00001490 
CALL SOLVEtE.JMAXl) 00001491 
RS(2J=RSt2)-SUB( l)+P< I rl) 00001492 
RS(JMAXl)=RS(JMAXlb-SUP(JMAXl)*PtI ,JMAX) 00001493 
CALL TRID(2,JMAXl) 00001494 
00 6 J=EsJMAXl 00001495 
OP=ABSIP(I.J)-RS(J)) 00001496 
IF(DP.GT.DPM) XCONCI 00001497 
IFtOP.GT.DPM)JCCb=J 00001498 
IF(DP.GT.OPM)DPM=DP 00001499 
P2(J)=Pl(J) 00001500 
Pl(J1=P(I.J) 00001501 

6 PtI,J)7RS<JJ 00001502 
P2(1)=Pl(l) 00001503 
P2( JMAX)=Pl (JMAX) 00001504 
Pltl)=P(I.l) 00001505 
PlfJMAX)=P~(I,JMAX) 00001506 

1000 CONTINUE 00001507 
RETURN 00001508 
END 00001509 

SUBROUTINE COORO 00001510 
C 00001511 
C *******+ SETS UP COORDINATES IN COMPUTATIONAL AND PHYSICAL GRIDS *00001512 
C 00001513 

REAL M  00001514 
CCMMON CPU~99~,CPL~991,E~99~,DU1~~~,DU2~99~~0L1~99~.0L2~99~.D~99~00001515 

1.FF(99).FFPl2(99~.FFMl2~99~.FFMl~99~.FFM32i99~, 00001516 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2~.x(99~.Y(99).YU(99~,YL~99),SLL~99J, 00001518 
3AlrA2.AI2.ALP.CIR,EPS,EPSS,DE~DS,DP.DPM.F,FPl2,FMl2,FM~2~M.QI,QI2.OOOOlSl9 
4W,Xl rX2,VVJB,VVJBl .AAJBl rAAJB,QQJB.QQJBl .UUJB.VVJBPl ,QQJBPl l AAJBP100001520 
S.Q.QQrAJUJBl.PX~P12rA22.All .X4.S4 00001521 

CCMMON I,ITE.ITE1,ILE~ILE1~Il.Ill~ICON,IMAX~IMAXl.INV.JB~,JAl.JBl. 00001522 
lJMAXsJCON*JMAXl.NSSP, IW 00001523 

CC!MMONIFI X/MHALF 00001524 
COMMON/JS/GG~99~,GGPl2~99~~GGMl2~99~.GGM32~99~~GGP32~99~.A3 ~0001525 



DE=2.0/.( JMAX-1) ’ 00001526 
IFtINV.EQ.OJGtl TO 999 00001527 
READ 997,X1,X2 00001528 

997 FORMAT~EFlO.5) 00001529 
999 CONTINUE 00001530 

DS=2.+fIl.+S4)/( IMAX- 3 00001531 
C THIS PROGRAM DEPENDS UPON TRANSFORMATION USED 00001532 

S(l)=-l.O-S4 00001533 
E(l)=-1.0 00001534 
S(IMAXO=l.O+S4 00001535 
E(JMAX)=l.O 00001536 
IMAXl=JMAX-1 00001537 
JMAXl=JMAX-1 00001538 
DO 2 I=E.IMAXl 00001539 

2 S@I)=S(I-l)+DS 00001540 
s3=- S4*0.!5*DS-0.01 00001541 
DO 11 I=l.IMAXl 00001542 
IF(S3.GE.StI B.AND.S3.LT.S( I+l)lGO TO 12 00001543 

11 CONTINUE 00001544 
12 13=1+1 00001545 

131=13-l 00001546 
IM=IMAX/2+1 00001547 
14=IMAX- 00001548 
141=14+1 00001549 
DO 13 L=2,131 00001550 

13 X(I)=-X4+A2*TAN(PI2*(So+SU))+A3+TAN(PI2*~S~~~+S4~*~3~ 00001551 
TERHl=b.5*X4/S4-.25*PI+A2 00001552 
TERM~=~.~*PI*A~*zS~-X~)/(~.*S~**~) 00001553 
DO 14 L=I3,14 00001554 

14 X(.~)=S(I~*(TERMl+TERM2*S(I)**2) 00001555 
DO 16 1=14lrIMAXl 00001556 

16 X(I)=X4+A2*TAN(PI28(S(I~-S4~)+A3*TAN(PI2*(S(~)-S4)**3) 00001557 
DO 3 J=2vJMAXl 00001558 
E(JJ=EdJ-l)+DE 00001559 

3 Y(J)=Ai*TAN(PI2*E<J)) 00001560 
PRINT 4 00001561 

4 FORMATd//.25X,‘X-Y GRID SYSTEM=.x/) 00001562 
PRINT 5,(I.X~I.irI=2sIMAXl~ 00001563 

5 FORMAT4 6( 15.E12.4) b 00001564 
PRINT S.LJ.Y(J1.J=E.JMAXl) 00001565 



-DO 7 L=E,IMAXl %0001566 
IF~Xl.GE.X(I).AND.Xl.LT.X~ItlJJGO TO 8 00001567 

7 CONTINUE 00001568 
8 Il=I+l 00001569 

SLE=-0.5 00001570 
00 9 1=2.IMAXl 00001571 
IF(SLE.GE.X(IJ.AND.SLE.LE.X~I+l~JGO TO 10 00001572 

9 CONTINUE 00001573 
10 ILE=I+l 00001574 

QUANl=S(2J+S4 00001575 
FF(2)= P12*A2*(1.+TAN(P12*QUAN1~**2~+1.5*A3*~~.+TAN~P12*QUAN1**300001576 

lJ~*2~*<QUAN1**2)+P1 00001577 
FF(2)=I./FF(2) 00001578 
QUANl=S(2)+0.5*OS+S4 00001579 
FFPl2I 2)=P12*A2*(1.+TAN~P12*QUAN1~**2Jt1.5*A3*~1.tTAN~P12*QU.~N1**30000158Q 

1 )**E)WQUAN1**2J*PI 00001581 
FFP12<2)=1./FFP12(2) 00001582 
QUANl=S(2J-0.5*OS+S4 00001583 
FFM~2(2)=P12~A2~(1.+TAN(P12~QUAN1~~~2~+1.5*A3*~1.+TAN~P12~QUAN1*~300001584 

lJ**2)*LQUAN1**2)*PI 00001585 
FFM12(2)=1./FFM12(2) 00001586 
FFM1(2D=O.O 00001587 
DO 18 I=39131 00001588 
QUANl=S(I)+S4 00001589 
FF<IJ= PI2*A2*~1.tTAN(PI2*QUANlJ**2J+l.5*A~*~l.+TAN~P~2*QUANl**3OOOOl59O 

1)**2)*(QUAN1**2J+PI 00001591 
FFII)=l./FF(I) 00001592 
QUANl=S(IJ+O.S*OS+S4 00001593 
FFP12( 1)=P12*A2*(1.+TAN(P12*QUAN1)**2~t1.5*A3*~1.+TAN~P12*QUAN1**300001594 

1)**2)*(QUANl**2J+PI 000015'95 
FFF!12<LJ=l./FFP12(1~ 00001596 
FFMlE( I)=FFP1231--11 00001597 
FFMl(IJ=FF(I-1) 00001598 

18 FFM32( IJ=FFM12<1-1) 00001599 
FFP12( L31J=l./(TERM1+3.*TERM2*~S~I3lJtO.5*DSJ**2~ 00001600 
IMl=IM-1 00001601 
DO 19 I=I3rIM 00001602 
FFtI)=l./(TERM1+3.*TERM2*S(L)9*2) 00001603 
FFPlEI: LJ=l./~TERM1+3.*TERM2*(S~(IJ+O.5*OS) **2) 00001604 
FFMlE( L)=FFP12( I-1) 00001605 



-FFMl(Z>=FF(I-1) 
19 FFM32(I)=FFH12tI-l) 

FFPlE( LM)=FFM12tIM) 
DO 800 11=2,IMl 
I=IMAX-1 I+1 
FF(I)=FF(II) 
FFP12,(I)=FFM12(Ii) 
FFMIE(I)=FFP~~~II) 
FFMl(i)=FF(II+l) 

800 .FFM32<IJ=FFP12(Ii+l') 
GGp32(2)=All4COS(PI2*(E(3)+0.5*DE))**2 
GG(2)=All*COSiPI2*E(2))**2 
GGp12(2)=All*COS~PI2*o+015+DE))*+2 
GGMl2(2)=Al1*COSt(PI24(Et2~-0.5*DE~)**2 
GGM326 2)=0-O 
DO 801 J=3rJMAXl 
IF(J.EQ.JMAXl>GO TO 804 
GGP32(J)=Al14COS(PI2*(E(J)+l.5*DE))**2 

804 GG(J)=All+COSLPI2*E(J))++2 
GGPl2(1)=All*COS(PI2*(E<J),0.5*DE~)**2 
GGMlP(J)=GGP12(J-13 

801 GGM32(JJ=GGMl2(J-1) 
GGP32(JHAXl)=O.O 
RETURN 
END 

a0001606 
00001607 
00001608 
00001609 
00001610 
00001611 
00001612 
00001613 
00001614 
00001615 
00001616 
00001617 
00001618 
00001619 
00001620 
00001621 
00001622 
00001623 
00001624 
00001625 
00001626 
00001627 
00001628 
00001629 
00001630 

SUBROUTINE FLOW3 00001631 
C 00001632 
C ******* ** SOLVES FOY IN THE INVERSE REGION ***** 00001633 
C 00001634 

REAL M 00001635 
COMMON ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1.FF~99b.FFP12~99~.FFM12(99~.FFM1(99~,FFM32(99J~ 00001637 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2)rX(99~.Y(99)*YU(99)*YL~99~.SLU~99~.SLL~99~* 00001639 
3Al~A2.AI2,ALP.CIR,EPS.EPSS~DE~DS.DP~OPM.~.FPlZ,FUl2,FM32.M.OI.QI2,OOOOS64O 
4W,Xl.X2~VVJB~VVJB1~AAJBl~AAJB~QQJ8.QQJBl.UUJB.VVJBPl,QQJBPl,AAJBPlOOOOl64l 

~,Q~QQ~lJUJ~Bl.PI,P12.A22.All,X4.S4 OO.b01642_ 
u-8 4 



CCMMON I.ITE~ITEl,ILE,ILE1,Il,Ill.ICON,IMAX.~MAXl,INV,~8.JAl,JBl. 00001643 
lJMAX,JCON.JMAXl,NS5P.IW 00001644 

CCMMON/BAKER/TEMP3eTEMP4 00001645 

F!l COMMON/DELTA/ITER 00001646 
COMMONAl=IX/MHALF 00001647 

C RELAXES FLOW IN IbiVERSE REGION 00001648 
JA=JAl 00001649 
IS=Il-2 00001650 
DO 14 L=IS,IMAX 00001651 

14 JEMPlI )=P(I,JB-1) 00001652 
00 3000 I=Il.KMAXl 00001653 
IF(XII~.GE.XE~GO TO 3100 00001654 

C FLOW-ABOVE AIRFOIL 00001655 
JB2=JB-2 00001656 
DO 3 J=J82rJMAXl 00001657 
IF(YU(I~.GT.E(J).AND.YU~I~.LE.E~J+l~~GO TO 4 00001658 

3 CONTINUE 00001659 
4 JA.=J+l 00001660 

IF(JA.LE.JB)JA=JB+l 00001661 
l==FF(ID 00001662 
FPlE=FFP12(1) 00001663 
FM12=FFM12(1) 00001664 
l=Ml=FFMlI I) 00001665 
FM32=FFM32(1) 00001666 
GB=All/tl.+TAN(YU(I l*Pi2)**2) 00001667 
VV=SLUdIa**E 00001668 
uu=1 .o 00001669 

4000 DU1~I~=-COS~ALP~+~~1./~l.+VV/UU~~*~l.-~~~.+O.7*M*M*CPU~I ))**0.2800001670 
16-1~~*5./~M*M~~~*~0.S-F*~~-4.*Pl~JA-l~+P2~JA-l~~/~2.*DS~~ 00001671 
2-F~~YU~I~-E~JA-1~~*~P~I~l.JA~-P~I+l~JA-l~-P~~JA~+Pl~JA-l~~/~2. 00001672 
3*DS*DEJ 00001673 

DUl~I)=DUl~LJ/~F*(1.5/05)) 00001674 
4001 CONTINUE 00001675 

DU2(IJ=-P~l.JA~+2.0*DUl~I~ 00001676 
P(IeJA-l)=DUl(I) 00001677 
P(IrJA--2J=DU2<JJ 00001678 
CALL SCLVE(JA.JMAXl) 00001679 
RS(JAB=RS(JAJ-SUB(JA-l)*PtI,JA-1) 00001680 
RS(JMAXl)=RS(JMAXl)-SUP(JMAXl)*PtI.JMAX) OOOOlk81 

-CALL TRID( JA,JMAXl) $0001682 



:i 

DO 1 J=JA,JHAXl 00001683 
DP=ABSSP(I.Jl-RStJJl 00001684 
IF<DP.GT.DPMJICON=I 
IF~DP.GJ.OPWlJCON=J 

00001685 
00001686 

IFtDP.CT.DPH)DPM=DP 
P2(J)=Pl( J) 

00001687 
00001688 

Pl(JJ=P(I.J) QOOOl689 
1 P<I,J)=RS(J) 00001690 

JAMl=JA-1 00001691 
DO 2 J=JB.JAMl 00001692 
P2(J)=PliJ) 00001693 

2 Pl<J)=P(I.J) 00001694 
VV=SLlhU I I **2 d0001695 
lJvtl.0 0000 1696 

4002 DUl(Il=-CDSiALP)+ttl./il.+VV/UU> )*il .-(11.+0.7+M*H*CPUiI ) J**O.2800001697 
16-1.)*5./(M*M)~~**0.5-F*~i-4.*P~I-l.JA-l~+Pi~-2,JA-l~J~~2.*DS~~ 00001698 
2-F~(YUdI~-E~JA-l~~*~P4I+lrJA~-PiI+1rJA-l~-PiI-l.JAl+P~I-l.JA-ll~/ 00001699 
3(2.+DS*DEJ 00001700 

DU1~I~=DUl~I~/~F*~l.5~DS~~ 00001701 
4003 CONTINUE 00001702 

DU2( I J =-P( I ,JAb+2.0+DUl( 1) 00001703 
PiI, JA-l)=DUl( I) 00001704 
P[I.JA--2)=DU2( I J 00001705 
PE(JMAXl=Pl(JMAXJ 00001706 
PkI JMAX)=PiI. JMAX) 00001707 
JAl= JA 00001708 

3000 CONTINUE 00001709 
3100 JA=JBl 00001710 

DO 5 I=IS.IMAX 00001711 
P<I, JB-lJ=TEMP,fI J 00001712 
TEMP(I)=P~I,J8+1) 00001713 
TEMPl=PB< I) 00001714 
PBII)=P(I.JB) 0000171.5 

5 P(I,JBD=TEMPl 00001716 
6 TEMPl-TEMP4 00001717 

TEMP4=Pl C JBJ 00001718 
Pl< JB)=TEMPl 00001719 
JEMPl= tbEMP3 00001720 
TEMP3=P2(JB) 00001721 

P2( JB)=TEMPl I)0001722 



DO 3500 I=IlrIMAXl 00001723 
C FLOW BELOW AIRFOIL 00001724 

p" IF<X(IJ.GE.X2)GO TO 3600 00001725 
JB2= JB+2 00001726 
DO 10 JJ=lrJB 00001727 
J= JB2- JJ 00001728 
IF<YL~L).GE.E(J).AND.YL(I~.LT.E~J+l) )GO JO 11 00001729 

10 CONJiNAJE 00001730 
11 JA=J 00001731 

IF(JA.GE.JBlJA=JB-1 00001732 
F=FF(ID 00001733 
l=P12=FFPlE(IJ 00001734 
FMl2=FFMl2( I) 00001735 
FMl=FFMli I) 00001736 
FM32=FFM32i I) 00001737 
GB=AllJ(l.+TAN(YLII )*PI2)**2) 00001738 
VV=SLL(I)**2 00001739 
Uw=l .o 00001740 

4004 DLl~I~=-COS<ALPJ+~~<l.~~l.+VV/UU~~*il.-~iI.+O.7~M~M~CPL(I )~**0.2800001741 
16-1.~*5./iM*~~~~~**0.5-Feo+P2iJA+1~~/i2.*0S~~ 00001742 
2-F~(YL<I~-E~JA+l~~+~Po-P(I+I.JA~-Pl~JA+l~+Pl~JA~~~~2. 00001743 
3fDS*DEJ 00001744 

DLl(I~=DLl(ID/(F+(l.5,‘CS~~ 00001745 
4005 CONTINUE 00001746 

DL2(1J=2.+DLl(I)-P(I,JA) 00001747 
P~I,JA+l)=DLl(I~ 00001748 
P(I.JA+2)=DLE(I) 00001749 
CALL SOLVE(2r JAI 00001750 
RS(2)=RSi2)-SUBi l)*P( I -18 00001751 
RS(JA)=RS(JA)-SUP6JA)*P(IIJA+1) 000017.52 
CALL TRID(2, JAI 00001753 
DO 7 J=P.JA 00001754 
DP=ABSiflP( 1, J)--RS( J)) 00001755 
IF(DP.LE.DPMJGO TO 8 00001756 
ICON=1 00001757 
JCON= J 00001758 
CPM=DP 00001759 

8 P2(J)=Pl( J) 00001760 
Pl(J)=P(I,JJ 00001761 

7 P(I,J)=RS(J) 00001762 



JAMl=J#+l 'boo01763 
DO 9 J=JAMl .JB 00001764 
PE(J)=Pl( J) 00001765 

9 Pl(J)=PtI.J) 00001766 
VV=SLLII)**2 00001767 
UU=l .O 00001768 

4006 DLl(I)=-COS(ALPJ+t4l./(l.+VV/UUlJ*il .-((1.+0.7*M*M*CPL(I ))**0.2800001769 
16-l.~*5./4M*M~~~**0.5-F*fi-4.*P~~-l~JA+ll+P~I-2.JA+l~l~~2.*DS~~ 00001770 
2-F*~YL~I~-E~JA+l~~*~P~I+l,JA+l~-P~I+l,JA~-PiI-l~JA+l~+P~I-l,JA~~~ 00001771 
3(2.*DS*DE) 00001772 

DLl(I~=DLl(I)/4F+(l.5/CS)) 00001773 
4007 CONTINUE 00001774 

DL2(IJ=2.*DLl(I~-P(I,JA) 00001775 
P4I.JA+lJ=DLliI) 00001776 
P(I,JA+2J=DLE(I) 00001777 
P2(l)=Plll) 00001778 
Pl1l)=P(Irl) 00001779 
JBl=JA 00001780 

3500 CONTINUE 00001781 
3600 DO 12 tiIS,IMAX 00001782 

P(I.JB+l)=TEMP(IJ 00001783 
TEMPl=PBt I) 00001784 
PB1 I l=Pt I.JBJ 00001785 

12 P< I. JBD=JEMPl 00001786 
PllJB)=TEMP4 00001787 
P2i JB)=TEMP3 00001788 
GETURN 00001789 
END 00001790 



SUBROUTINE FLOW2 000017~', 
C 000017s 
C *********a SOLVES FLOW IN THE DRlECT REGION ****** 0000179~ 

ii? C 00001794 
REAL M 0000 1795 
COMMON CPUi99D,CPL<99~rE~99~rDUl,i99JrDU2~99).DLl~99~,DL2~99~.D~99~0O00l796 

l.FF(99~,FFPl2(99l.FFMl2~99~.FFMli99~~FFbl32~99~, 00001797 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2).X~999~Y(99~,YU(~9).YL~99l*sLu~99~,sLL~99~, 00001799 
3A1,A2.AI2.ALPsCIR.EPS~EPSS~DE~DS~DP.DPM.F~FPl2~FMl2~FM32~M~QI~QI2~OOOOl8OO 
4Y.Xl..X2.VVJB~VVJBl.AAJ~l~AAJB,QQJ8~QQJBl.UUJB,VVJ8Pl.QQJBPl,AAJBPlOOOOl8Ol 
5.Q.QQ.UUJBl rPIqP12rA22,All ,X4.S4 00001802 

CCMMON I.ITE~ITE1~ILE.ILEl~Il.Ill~ICON.IMAX.IMAXl.INV~JB~JAl.JB~. 00001803 
lJMAX.JCON.JMAXl.NSSP, IW 00001804 

CCMMON/BAKER/TEMPJ,TEMP4 00001805 
C RELAXES FLOW ABOVE AND BELOW AIRFOIL 00001806 

JB=JMAX/2+1 00001807 
JBl=JB-1 00001808 
JAl=JB+l 00001809 
J i32= JB-2 00001810 
TEMPS=Pl i JB) 00001811 
TEMP6=P2( JB 1 00001812 
CO 12 I=ILE.Il 00001813 

12 TEMPtI )=P(I.JB-1 1 00001814 
IFiILE.GT.Ill)GO TO 20Cl 00001815 
DO 2000 I=ILE.Ill 00001816 
FLOW ABOVE AIRFOIL 00001817 
F=FF< I J 00001818 
FPl2=FFPl2( I) 00001819 
FM12=FFMl2( 11 00001820 
FM32=FFM32( I) 00001821 
GB=All/( 1 .+TAN(Pl2*YU( I) )*+2) 00001822 
DO 1 J=JB2.JMAXl 00001823 
IF(YU( IJ.GT.EiJ).AND.YU(I).LE.Ei J+l))GO TO 2 00001824 

1 CONTINUE 00001825 
2 JA=J+l 00001826 

IF( JA.LE. JB) JA=JB+l 00001827 
DUl~IJ=SLUiI~*~COS~AL~~~F*~~P~~+l,JA-l~-Pl~JA-ll~/~2.*DS~ 0000 1828 

1+(YU~I~-E~JA-l~~*~PiI+l,JA-I)-Pl~JA)+Pl~JA-l))/~2.~DS~DEOOOOl~2g 
~2l~~-SIN~ALP)-GB~~i4.*PiI.JA+1))/(2.~DE~+(YU(I)-E(JA-l)~~ ?0001830 



3(-2.+P(I,JA~+P6I,JA+13)/0) 
DUl(L~=DUl(I~/(-1.5*GB/DE +(YU(Il-EtJA-l))/(DE**2)*GBI 
DU2tl) =-P(I~JA)+DUl~I)*E.O 
P(I.JA-l)=DU1(1) 
P1I,JA--2)=DU2(1) 
CALL SOLVE( JA,JMAXl) 
RS(JA)=RSIJA)-SUB<JA-l)*P(I,JA-11 
RS(JMAXl)=RS(JHAXlJ-SUP(JMAXl)*P~I,JMAX) 
CALL JRID(JA,JMAXl) 
DO 4 J=JA,JMAXl 
DP=ABSI<P( I. JJ-R.5.I J1) 
IF(DP.CT.DPM) ICON=1 
IF(DP.GT.DPM)JCON=J 
IF(DP.GT.DPM)DPM=DP 
PE(J)=Pl(J) 
Pl(J)=P(I.Jl 

4 P(I.JJ=RS(JJ 
JAMl=JA-1 
DO 5 J=JB.JAMl 
P2(JJ=Pl(J) 

5 Pl(JJ=P(I.J) 
P2(JMAXl=Pl(JMAX) 
Pl( JMAX)=P( I, JHAX) 
JAl=JA 
DUl(I~=SLU~I~*~COS(AP~+F*~~P~I+l.JA-l~-P~I-~~JA-l~~/~2.*DS~ 

l+(YU(I.)-E(JA-l))*(P(I+l,JA~-P(I+l.JA-l~-P~I-l.JA~+PlI-l.JA-l~~~ 
2(2.+DS*DE)))-SIN(ALP)-GE*(~4.*P~I.JA~-P(I.JA+l~J/i2.*DE~+ 
3(YU(I)-E~JA-l)~~(-2.*P(I,JA~+P~I~JA+ll~~~DE**2l~ 

DU~(I)=DU~(I~/I~-~.~*GE/DE+~YU~I~-E~JA-~~~/(DE*~~~*GB~ 
DU2(IJ=-P(I.JAl+DUliXJ*2.0 
P(I.JA-l~=DUlUI) 
P(1, JA-2)=DU2( 1.J 

2000 CONTINUE 
2001 CONTINUE 

TEMP3=P2( J53. 
TERP4=Pl( JB) 

G FLOY BELOW AIRFOIL 
DO 8 I=ILE,Il 
P(I.JB-lJ=JEMP(IJ 

s 
TEMP(LD=P(I.JB+lJ 

00001831 
00001832 
00001833 
00001834 
00001835 
00001836 
00001837 
00001838 
00001839 
00001840 
00001841 
00001842 
00001843 
00001844 
00001845 
00001846 
00001847 
00001848 
00001849 
OOOOI850 
00001851 
00001852 
00001853 
00001854 
00001855 
00001856 
00001857 
00001858 
00001859 
00001860 
00001861 
00001862 
00001863 
00001864 
00001865 
00001866 
00001867 
00001868 
00001869 
jOOOl870 



TEMPl=PB( I) 0000187’ 
Pl3(L)=P~l~JEl~ 00001872 
P ( I, JBO=TEMPl 00001873 

8 CONTINUE 00001874 
Plf JB)=TEMPS 00001875 
F2t JB)=TEMPti 00001876 
IF(ILE.GT.Ill)GQ TO 2501 00001877 
DO 2500 I=ILE.Ill 00001878 
G@=All/(l.+TAN(PI2+YL(I))*t2) 00001879 
F=FF(I) 00001880 
I=Pl2=FFP12( I) 00001881 
FM12=FFMl2( II 00001882 
FM32=FFM32( I1 00001883 
DO 6 JJ=l.JMAXl 00001884 
J= JB-J J+2 00001885 
IF(YL(I).GE.E(J).AND.YL(l).LT.EtJ+lb~GO TO 7 00001886 

6 CONTINUE 00001887 
7 JA=J 00001888 

Il=(JA.GE.JEl~JA=JB-1 00001889 
DL1<I)=SLL<II+~COS(ALP)+F*((PII+lrJA+13-Pl~JA+l~~/~2.*DS~+ 00001890 

1~YL~I~-E~JA~1~~*CP~I+l.JA+l~-P~I+l.JA~-Pl~JA~~~+Pl~JA~~~t2.*DS~DE~OOOOl89l 
2))-SIN~~ALP)-GB*(<-4.~P(I,JA-1))/(2.~DE)+(YL(I)-E~JA+l)~4 00001892 
3(-2.+P6I.JA)+P(I.JA-1))/0) 00001893 

DLl~I~=DLl~I~/.~1.5*GB/DE+o-E(JA+1)~~~DE442~4G~~ 00001894 
DL2(1)=2.+DLl(I)-PdIIJA) 00001895 
P(I.JAIl)=DLl( I) 00001896 
P<I,JA+2)=DL2( 1) 00001897 
CALL SOLVE< 2. JAI 00001898 
RS(E)=RS(2)-SUEIt l)*P( I.1 b 00001899 
RS(JAb=RS(JA)-SUPtJA)*Po 00001900 
CALL TRID’62s JA) 00001901 
DO 9 J=E.JA 00001902 
DP=ABS<P(L.J)-RS(JJ) 00001903 
IF<DP.GT.DPW) ICON=1 00001904 
IF(DP.GT.DPM) JCON=J 00001905 
IF(DP.GT.DPMJDPM=DP 00001906 
PB<J)=Pl( J1 00001907 

Pl(JJ=P(IrJ) 00001908 

9 P(I. J)=RSdJb 00001909 

JAMl=JA+l 00001910 



%O 10 d=JAMlrJB ii000191 1 
PE(J)=Pl(J) 00001912 

10 PlfJ)=P(I rJ) 00001913 
P2(1)=Pl(l) 00001914 
Pl~l)=P(l,l) 00001915 
JBl= JA 00001916 
DL1LL~=SLL~l~+~COS~ALP~+F~~~P~I+l.JA+l~-P~I-l.JA+l~~/~2~4DS~+ 00001917 

l~YL~I~-EIJA+1J~*~P~I+lrJA+1)-P(I+I.JA~-P~I+l.JA~-P~I-l,JA+l~+P~I-l,JA~~~~2. 00001918 
2*DS+DE)))-SIN(ALP)-GB4((-4.*P(I~JA~+P(I.JA-l))~(2.*DE)+(YL(I)-E( 00001919 
~JA+~~~+(-~.+P(IIJA~+P(I.JA-~~~,’~DE*~~~) 00001920 

DL1~I~=DLl~I~/~l.S*GB/DE+o-E(JA+I~-E~JA+l~~/~DE442~*G~~ 00001921 
DL2(IJ=2.*DLl(I~-P(I,JA) 00001922 
P(I,JA+l)=DLl(I~ 00001923 
P( I, JA+2)=DL2( 11 00001924 

2500 CONTINUE 00001925 
250 1 CONTINUE 00001926 

DO 11 WfLErIl 00001927 
PII.JB+l)=TEMP(I) 00001928 
TEMPl=PB( I) 00001929 
PR(I)=P(I.JB) 00001930 

11 P(I.JEIJ=TEMPl 00001931 
TEMPl=TEMP4 00001932 
TEMP4=Pl t JF3, 00001933 
Pl( JBl=TEMPl 00001934 
TEMP I= TEMP3 00001935 
TEMP3=P2< JB) 00001936 
P2( JB)=TEMPl 00001937 
P@( ILE 1 )=P( ILEl, JBI 00001938 
PBtlLE-2)=P( ILE-2,JB) 00001939 
RETURN 00001940 
END 00001941 



lJMAX.JCON.JMAXl.NSSPIlW 
COWMON~ADAM/VJB.VJBl s VJBPl 
RELAXES FLOY IN WAKE DIRECTLY 
IW=l 
DO 4000 I=ITEl. IMAXl 
F=FF(I J) 
FP12=FFP12( 11 
FMl2=FFM12( I) 
FM32=FFM32( I) 
CALL SOLVE< 2, JHAXl) 
RS(2)=RS(2)-SUB( 1)4P( 1.1) 
RS(JMAXl)=RS(JMAXlJ-SUPo*P(IIJMAX) 
IF(QQJBP1 .LE.AAJBPl )GO TO 1 
IF(VJBPl.LT.O.)GO TO 1 
G=A11/(1.+TAN(P12*E(J5+1~~*42) 
GM32=A~l/(l.+TAN(PI24~E~J5tl~-l.54DE~~442~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

l(DE442) 1 
1 IF(QQJB.LE.AAJB~GO TO 2 

IF(VJB.LT.O.O)GO TO 3 
G=Al l/1 letTAN(PI24E( J5))442) 
GM12=All/(l.+TAN(PI24~E~J5~-0.54DE~~442) 
RS~J5~=RS~J5~+<lr-QQJ5~AAJ5~4~VVJ5/QQJ54G4GMl24CIR~~DE442~~ 

l-UUJB/QQJ54G4GM124CIR/ (DE+*2) 
GO TO 4 

3 G=All/ll.+TAN(PI24E(JB))**2) 
GMIE=All/( 1 .+TAN(PXE*<E< JB)-0.5*DE)) 442) 

00001955 
00001956 
00001957 
00001958 
00001959 
00001960 
00001961 
00001962 
00001963 
00001964 
00001965 
00001966 
00001967 
00001968 
00001969 
00001970 
00001971 
00001972 
00001973 
00001974 
00001975 
00001976 
00001977 
00001978 
00001979 
00001980 

~00001981 



-RS~J5J=RSIJ5)-UUJ5/QQJ54G4GMl2*CIR/~DE*42~ 00001982 
GO TO 4 00001983 

2 G=A11/~1.+TAN(P12*E(J8))**2) 00001984 
C=(l .-VVJB/AAJ.B)*G 00001985 
GM12=A11/<1.+1AN~UP12*~E~J5~-0.5*DE~~**2) 00001986 
RS<J53=RS(JB)-C4GM124CIR/~DE442) 00001987 

4 IF(QQJ5l.GT.AAJ5l)GO TO 5 00001988 
G=A1l/~Ul.+TAN(PI24E(JE-l~~*42~ 00001989 
C=(l .-VVJ51/AAJ51~4G 00001990 
GP12=All/(l.tTAN~PI24~E~J5-l~tO.54DE~~4*2~ 00001991 
RS(J5-l)=RS<J5-l~+C4GPl24CIR/~DE*42) 00001992 
CD TO 6 00001993 

5 IF~VJ51.LT.O.O)GO TO 7 00001994 
G=All/dl.+TAN(PI24E(J5-l~~*42) 00001995 
GP12=Al1/(l.+TAN~PI24~E~J5-l~tO.S4DE~~*42~ 00001996 
RS(J5-l)=RS(J5-l~+UUJ5l/QQJ5l4G4GPl24CIR/~DE442~ 00001997 
GO TO 6 00001998 

7 G=A11/<1.+TAN(PX24E(J5-1J~442) 00001999 
GP12=A11/~1.+TAN<P12*<Eo+OI5+DE))*+2~ 00002000 
RS(JB-lJ=RSLJB-lb(I.- QQJ51/AAJ51~4VVJ5l/QQJ5l*G4GPl24CIR/~DE442~ 00002001 

l+UUJ51/QQJ5l4G4GPl24CIR/~DE442) 00002002 
6 CALL TRlDt2rJMAXl) 00002003 

DO 8 J=2,JMAXl 00002004 
DP=ABS<P(L,J)-RS(J)) 00002005 
IFtDP.LT.DPM)GO TO 9 00002006 
ICQN=I 00002007 
JCON= J 00002008 
DPM=DP 00002009 

9 P2( J)=Pl( JJ 00002010 
Pl(J)=P(IrJ) 00002011 

8 P(I.J)=RS<JJ 00002012 
P2( l)=Pl( 1) 00002013 
P2(JMAX)=Pl(JMAX) 00002014 
Pl(l)=P[I.l) 00002015 

’ Pl( JMAX)=PI I. JMAXB 00002016 
4000'CONTINUE 00002017 

DO 10 I=ITEl.IMAXl 00002018 
PE(I)=P(I,JB)-CIR 00002019 

10 CONTINUE 00002020 
~PE(ILEI)=P(ILEl,J5~ p_0002021 



I 

1w=o 
RETURN 
END 

00002022 
00002023 
00002024 

SUBROUTINE SHAPE 00002025 
G 00002026 
C 44*44**44 COMPUTES SHAPE OF AIRFOIL IN INVERSE DESIGN CASE**+***44 00002027 
C 00002028 

REAL M 00002029 
COMMON CPUd99~.CPL~99~,E~99~~DU1~99~.DU2~99~~DL1~99~.DL2~99~,D~99~00002030 

l.FF~99)rFFP12~99).FFMl2~99).FFM32~99~, 00002031 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2).X(991,Y(99)*YU<99~.YL~99),SLU~99~.SLLL99~. 00002033 
3AlrA2,Al2.ALP,CIR.EPS,EPSS,DE~DS~DP~DPM~F~FPl2~FMl2~~M32~~~QI~QI2.OOOO2O34 
4W.XlrX2.VVJ~.VVJ~l~AAJ~l~AAJ~~QQJ~.QQJ~l~UUJ~~VVJ8Pl.QQJ~Pl~AAJ~PlOOOO2O35 
5rQ,QQ.UlJJBl rPI~PX2,A22,All .X4,S4 00002036 

COMMON I~ITE.I~El.lLE,ILElrIl,Ill.ICON~IMAX~IMAXl.INV.J5,JAl.J5l~ 00002037 
IJMAXI JCON, JMAXl ,NSSP, IW 00002038 

CCMWONATAMU/DELTAY 00002039 
DELTAY=O.O 00002040 
lF(INV.EQ.O)Il=ILE+2 00002041 
IPl=I 1 00002042 
DO 1 I=lPl.ITEl 00002043 
YOLD=YlJ(IJ 00002044 
J52= JB-2 00002Q45 
DO 3 J=J52rJMAXl 00002046 
IF(YU( L-l).GT.E( J) .AND.YlJ( I-1) .LE.E( J+l) )GO TO 4 00002047 

3 CONTINUE 0 0002048 
4 JA=J+l 00002049 

L=I-1 00002050 
IF( JA.LE. JB) JA=JB+l 00002051 
F=FFCLb 00002052 
U=QI*~COS~ALPJ+F*~<P~I~JA-l~-P~I-2~JA-l~~/~2.4DS~+~YU~L~-E~JA-l~ 00002053 

l3*~P~I,JA~-P~I+JA-l~-P~I-2.JA~+P~I-2.JA-l~~/~2.4DS4DE~~~ 00002054 
G5=Allf(l.tTAN~PI24YU(I-1) 1442) 00002055 

-V=QI*( SIN(ALP)+GB*( (-3.*P(L,JA-1 )+4.*P(L. JAI-P(L,JA+l) j/(2.* PO002056 



lDE)+(YU(LD-E(JA-1)~4~P(LIJA-l~-2.4P(L.JA~tP~L,JA+l~~/(DE442))) 
FY=( GE/f 1 *V/U 
IF~I.EQ.Il)GO TO 14 
SLU(I-l)=V/U 

14 CONTINUE 
FKl=DS*FY 
YN=YUCL)+O.54FKl 
F=FFM12( 1) 
DO 20 J=JBE,JMAXl 
IF4YN.GT.E(J).AND'.YN.LE.E(Jtl~)GO TO 50 

20 CONTINUE 
50 JA=J+l 

lF(JA.LE.JB~JA=JBtl 
U=QI4(CDS~ALP~+F4~~P~I.JA-lrJA-1)~/DS+~YN-E4JA-l~)4 

l(P(I,JA)-P(I.JA-l)-P(LsJA~+P~L~JA-l~1/(DS4DE~~~ 
G5=A11Jf1.+TAN~P124YN)**2) 
V=QI4~SI~~ALP~+G54~~-3.4~P~I.JA-l~+P~L.JA-l~~+4.4~P~l.JA~tP~L~ 

lJA~~-P~I,JAt1~-P~L,JA+l~~/~4.4DE~+~YN-E~JA-l~~4O.54~P~I.JA-l) 
2tP~I-l~JA-1~-2.4~P~I~JA~tP~L.JA~~tP~I.JAtl~+P~L,JAtl~~/~DE442)~) 

FKB=GBdF*DS+V/U 
Yh=YU4LjtO.S4FK2 
DO 21 J=J52,JMAXl 
IF(YN.GT.E(J).AND.YN.LE.E( J+l),)GO TO 22 

21 CONTINUE 
22 JA=J+l 

IF(JA.LE,JB)JA=JBtl 
U=QI4(COS(ALP~+F4~~P~I~JA-l~-P~I-l.JA-l~~/DSt~YN-E~JA-l~~4 

l(P(I,JA)-P(I,JA-l)-P(L.JA)tP(L.JA-l2)/(DS*DE)B3 
GB=AllJ(lr+TAN(PI2*YN)**2) 
V=QI4~SIN~ALP)tGE4~~-3.4~P~I,JA-l~tP~L~JA-l~~+4.4~P~I.JA~tP~L. 

1JA~J-P~I~JAt1l-PIL~JAtl~~/~4.4DE~+~YN-E~JA-l~~4O.S4~P~~~JA-l~ 
2+P(I-1.JA-1~-2.4~P~I,JA~tP~L,JA~~+~~~,JA+l~+P~L.JAtl~~~~DE4~2~~~~ 

FK3=GB/d=*DS*V/U 
YN=YU( LjtFK3 
F=FF( IJ 
DO 2 J=J52,JMAXl 
I,F(YN.GT.E(J).AND.YN.LE.E(Jtl)lGO TO 5 

2 CONTINUE 
5 JA=Jtl 

~IF~JA.LE.JB~JA=JBtl 

00002057 
00002058 
00002059 
00002060 
00002061 
00002062 
00002063 
00002064 
00002065 
00002066 
00002067 
00002068 
00002069 
00002070 
00002071 
00002072 
00002073 
00002074 
00002075 
00002076 
00002077 
00002078 
00002079 
00002080 
00002081 
00002082 
00002083 
00002084 
00002085 
00002086 
00002087 
00002088 
00002089 
000 02090 
00002091 
00002092 
00002093 
00002094 
00002095 
00002096 



U=QI*~COS(ALPJ+F*~~P~I+l,JA-lJ-P~I-l,JA-lJJ/~2.*DS~+~YN-E~JA-l~~* to002097 
1~P~I+1.JA)-P~I+1,JA-l~-P~I-l,JA~~P~X-l.JA-l~J/~2.*DS*DE~~J 00002098 

GB=Allfl(lr+TAN(PI2*YN)*+2) 00002099 
V=QI~~SIN(ALP~+GB*~~-3.*P~I~JA-l~+4.*P~~~JAJ-P~I,JA+l~J/~2.*DE~ 00002100 

l+(YN-E~JA-lJ~~:<P~I~JA-l~-2.*P~IrJA~~P~I.JA+lJ~/~DE**2~~~~ 00002101 
FK4=GBBF*DS*V/U 00002 102 
YU( I )=YUtL)+(FK1+2.*FK2+2.*FK4)/6. 00002103 
IF(I.GT.ITEJGD TO 1 00002104 
CHANGE=ABS(YU(I)-YOLD) 00002105 
IF(CHANGE.GT.DELTAY)DELTAY=CHANCE 00002106 

1 CONTINUE 00002107 
CO 6 I=ILElrIMAX 00002 108 
TEMPl=P( I, JBJ 00002109 
P(I,JBJ=PB(I) 00002110 

6 PE( I )=TEMPl 00002111 
DO 7 I=LPl.ITEl 00002112 
YOLD=Y L [ I # 00002113 
JB2=Jf3+2 00002114 
CO 8 JJ=lrJB 00002115 
J-Jb2-JJ 00002116 
IF(YL(I-lJ.GE.E(JJ.AND.YLtI-l).LT.E(J+l)~GO TO 9 00002117 

8 CONTINUE 00002118 
9 JA=J OOOD2119 

IFt JA.GE. JBJJA=JB-1 00002120 
L=I-1 00002 121 
F=FF(LJ 00002122 
U=QI*~COS<ALPJ+F~(~P~I.JA+l~-P(I-2,JA+l~J/~2.*DS~+~YL~LJ-E~JA+l~J*OOOO2l23 

l~P~I,JA+l~-P~I.JA~-~~I-2.JA+l~+P~I-2.JAJJ~~2.*DS~DE~JJ 00002124 
GB=AIlA(l.+TANlPI2*YL(L) )**2J 00002125 
V=QLtLSIN(ALP)+GB+d (3.*PtL,JA+ll-4.*P(L. JA)+P(C. JA-1) )/d2.*DEJ+ 00002126 

l(YL(L)-E(JA+lJ3*<P(L,JA+I)-2;*P(LIJA)+P(L,JA-lJ)/tDE**2)~J 00002 127 
FY=GB/F+V/U 00002128 
IF(I.EQ.Il)GO TO 15 00002 129 
SLL( I- 1 J=V/U 00002130 

15 CGNTlNUE 00002131 
FKl=DS*FY 00002132 
YN=YL< LJ+O.S*FKl 00002 133 
F=FFMl2( I) 00002134 
CO 25 dJ=lrJB 00002135 
J=JB2- Ji _00002 136 



-IF(YN.GE;E(JJ.AND.YN.LT.E(J+l)JGO TO 26 0000213- 
25 CONTINUE 00002136 
26 JA=J 00002139 

IF(JA.CE.JB)JA=JB-1 00002140 
U=QI*~COS~ALP~~F*<~P~IIJA+1)-Po)/DS+~YN-E~JA+l~J*~P~I,JA+~JOOOO2l4l 

l-P(I.JA)-P(L.JA+l)+P(LIJA))/o)) 00002142 
GB=AllA(l.+TAN(PI2*YN)**2) 00002143 
V=QI*(SINIALP)+GB*<(3.*~~~I~JA+lJ+P~L.JA+l~~-4.*~P~I.JA~+P~L.J~~~ 00002144 

l+P~L.JA-l~tP~L~JA-l~~/o+(YN-E(JA+l~j*~P~I.JA+l~+P~L,JA+l~ 00002145 
2-2.+~P~I,JA~+P~L,JA~~+P~l,JA-l~+P~L,JA-l~~*O.5/~DE**2~~~ 00002146 

FKE=GBAF*DS*V/U .00002147 
YN=YL( LJ+O. 5*FK2 00002 148 
DO 27 JJ=l,JB 00002149 
J=JB2- JJ 00002150 
IF(YN.GE.E(J).AND.YN.LT.E(J+l))GO TO 28 00002151 

27 CONTINUE 00002 152 
28 JA=J 00002153 

IFiJA.GE.JBJJA=JB-1 00002154 
U=QI*~COS~ALP~+F*<UP~I.JA+I)-P~L~JA+l~J~DS+~YN-E~JA+l~~*~P~~,JA+l~OOOO2l55 

l-P(I,JA)-P(L,JA+l#+P~L,JA)J/(DS*DE)lJ 00002156 
GB=AllX( 1 .+TAN(P12*YN J**2J 00002157 
V=QI+~SIN~ALPJ+GB*~~3.*~P~I~JA~l~+P~~~JA+l~~-4.*~P~l,JA~+P~L,JA~~ 00002158 

1~P~I~JA-l~+P~L,JA-1~J~~4.*DEJ+~YN-E~JA+l~~*~P~I~JA+lJ+P~L,JA+l~ 00002159 
2-2.+(PIL+JA~+P(L.JA))+P(I,JA-l)+P(L.JA-~~~*O.5/(DE**2))~ 00002 160 

FK3=GBfi*DS*V/U 00002161 
YN==YL(F1+FK3 00002162 
F=FF( IJ 00002163 
DO 10 JJ=lrJB 00002164 
J=JB2- JJ 00002 165 
IF(YN.GE.E(JJ.AND.YN.LT.E(J+l))GO TO 11 00002166 

10 CONTINUE 00002167 
11 JA=J 00002 168 

IF(JA.GE.JBJJA=JB-1 00002 169 
U=QI*~U)S~ALP~+F*~6P~I+l,JA+l~-P~I-l~JA+l~~~~2.*DSJ+~YN-E~JA+l~~* 00002170 

1~P<I+1~JA+1~-P~I+1.JA~-P~I-l~JA+l~+P~I-l,JA~~~~~.*DS*DE~~J 00002171 
GB=AllA(l.+TAN(PI2+YN)**2) 00002172 
V=QI*~~IN<ALP~+GB*U~3.*P~I~JA~l~~-4.*P~I,JA~+P~I,JA-l~~/~2.*DE~+ 00002173 

l~YN-E~JA+l~J*~P~lrJA+l~-2.*P~I,JA~+P~~.JA-l~~/~DE**2J~~ 00002174 
FK4=GBIIF*DS*V/U 00002 175 
YLtI )=YLILI+(FK1+2.*FK2+2.*FK3+FK4)/6. dOOO02176 



IF(I.GT.ITEJGO TO 7 00002177 
CHANGE=ABS( YL( I J-YOLD) 00002178 
IF(CHANGE.GT.DELTAY )DELTAY=CHANGE 00002179 

7 CONTINUE 00002180 
DO 12 GILEl. IMAX 00002181 

TEMPl=P(I.JB) 00002182 

P(I.JB)=PB< iI 00002183 

12 PE( I J=TEMPl 00002184 

RETURN 00002185 

END 00002186 
SUBROUTINE TRID( 1L.Ll-l) 00002187 

c 00002188 
c +***** TRIDIAGONAL EQUATION SOLVER ***lr*** 00002189 
C 00002190 

REAL M 00002191 
COMMON CPU~99~rCPLU993~E~99~1DU1o,DU2~99~,DU2~99~.DL1~99J~DL2~99~.D~99~00002192 

1 .FF(99),FFP12(99J .FFM12(99) .FFMl (99) rFFM32(99). 00002193 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2)*X(99J.Y(99).YU(99)rYLo.SLU(99J*sLu(99~.sLL(99~* 00002195 
3A1.A2.A12.ALP~CIR,EPS,EPSS,DE~DS~DP~DPM~F~FP12,FM12.FM~2.M,Q(.Q12.00002196 
4W.Xl .XEsVVJE,VVJBl ,AAJBl,AAJB,QQJB,QQJBl,UUJBPLrQQJBPl,QQJBPl .AAJBPl00002197 
5,Q,QQ,UUJBlrPI,PI2.A22,All.X4~S4 00002198 

COMMON I~ITE~ITEl.ILE~ILEl.Il~Ill~ICON~~MAX~~~AXl~INV~JB~JAl.JBl~ 00002199 
~JMAXIJCON.JMAX~,NSSP,IW 00002200 

N=IH 00002201 
Nh=N-1 00002202 
SUP(LLfi=SUP(ILJ/D(IL) 00002203 
RS(ILJ=RS< IL)/D( IL) 00002204 
IDUM=IL+l OOOQ2205 
DO 10 L=IDUM,N 00002206 
II=L-1 00002207 
D(L)=DULJ-SUP(IIJ*SUB(II1 00002208 
IF(L.EQ,N)GO TO 10 00002209 
SUP(LJ=SUP(L)/D(L) 00002210 

10 RS(LJ=(RS(LJ-SUB(II )*RS( 11) )/D(L) 00002211 
DO 20 K=IL,NN 00002212 
L=N-K+IL-1 00002213 

20 RS(LJ=RS(LJ-SUP(LJtRS(L+l) 00002214 
RETURN 00002215 
END 00002216 



SUBROUTINE HALVE 00002217 
C 00002218 
c ****** THIS SUBROUTINE HALVES THE GRID SPACING ETC. ****** 00002219 
C 00002220 

REAL M 00002221 
COMMON CPU~99~.CPL~99J.E~99~rDU1orDU2~99~.DL1~99).DL2~99~~0~99~00002222 

l,FF<99~.FFP12(99),FFMl2~99).FFMl~99~,FFM32~99~, 00002223 
1P1~991.P2~99~,P8(99~,P~99.99)rS(99~,SUP~99~~SUB~99).1EMP~9900002224 
2j.X(99).Y(99).Y.U(99)*YL~99)rSLL~99~, 00002225 
3Al.A2rAI2.ALPsCIR,fPS~EPSS,DE~DS,DP,DPM,F~FPl2~FMl2.FM32~M,QI.QI2~OOOO2226 
4~.X1.X2,VVJB~VVJB1.AAJBl,AAJB~QQ~B,QQJBl,UUJB,VVJBPl~QQJBPl~AAJBPlOOOO2227 
S.Q,QQ,UUJBl .PI.P12+A22rAll .X4,S4 00002228 

COMMON I,ITE.LTElrILE.ILElrIl.Ill,ICON.~MAX~IMAXl,INV~JB,JAl,JB~~ 00002229 
lJMAX.JCON.JMAXlrNSSP.IW 00002230 

IMAX=E*IMAX-1 00002231 
JMAX=2*JMAX-1 00002232 
IMAXl=IMAX-1 00002233 
JMAXl= JMAX--1 00002234 
J=JMAX l/2+1 00002235 
JJ=JMAX 00002236 

1 I=IHAX l/2+1 00002237 
II=IMAX 00002238 

2 P(II,JJ)=P(I.J) 00002239 
1=1-l 00002240 
1x=11-2 0000224 1 
IF(1 .GT.O)GO TO 2 00002242 
J=J- 1 00002243 
JJ=JJ-2 00002244 
IF(J.GJ.O)GO TO 1 00002245 
DO 3 JslrJMAXs2 00002246 
DO 3 1=2,IMAXlr2 00002247 

3 P(I,J~=O.5*IP(I+1,J)+Po) 00002248 
00 4 I=lrIMAX 00002249 
DU 4 J=2rJMAXlr2 00002250 

4 P(IrJ)=0.5*tP(I,J+l)+P(I.J-13) 00002251 
I=IMAX1/2+1 00002252 
II=IMAX 00002253 

5 I%( II )=PB(I b 00002254 
i=I-1 00002255 
IS=LI-2 00002256 



* 
IFtI;GT.O#GO TO 5 -00002257 
DO 6 I=2vIHAX1.2 00002258 

6 PB(I)=0.5*(PBdI+l)+PBfI-11) 00002259 
RETURN 00002260 
END 00002261 

SUBROUTINE PLOT~NO.AIN,MINL,NS) 00002262 
C 00002263 
C ** *+** THIS CREATES A PLOT OF RESULTS ON THE STANDARD PRINT OUT **00002264 
C 00002265 

DIMENSIDN OUT(101~.YPR(ll~rANGorA(500) 00002266 
1 FORMAT(lH1.60X.7H CHART .13.//l 00002267 
2 FORMAT<lH .Fllr4,SX~101A1) 00002268 
3 FORMATdlH 1 00002269 
7 FORMATllH .16X.lOlH. . . . . 00002270 

1 . * . .) 00002271 
8 FBR~AT~lH0.9X:llFlO.3, 00002272 

DATA BLANK/lH /.ANG/1HU~1HL~1HT~lHB.lH5~lH6.lH7.lH8~lH9/ 00002273 

10 

11 

12 
I4 
15 
16 
18 
20 

I\LL=NL 00002274 
IF(NS) 16. 16. 10 00002275 
00 15 Li=l.N 00002276 
DO 14 .J=IsN 00002277 
IFIA(I)-A(J)) ICC, 14, 11 00002278 
L-=1-N 00002279 
LL=J-N 00002280 
DO 12 K=lrM 00002281 
L=L+N 00002282 
LL=LL+N 00002283 
F=A(L) 00002284 
A(L)=AdLL) 00002285 
A(LL )=F 00002286 
CONTINUE 00002287 
CCNTINUE 00002288 
IF(NLL) 20, 18, 20 00002289 
NLL=SO 00002290 
WRITE(6,l)NO 00002291 
XSCAL=BA(N)-A( 1 b)/<FLOAT(NLL--1)) 00002292 
Ml=N+l SO002293 



YMIN=A~M~) 00002294 
YMAX=YMIh 00002295 
M2=M4’N 00002296 
DO 40 J=Ml,ME 00002297 
IF(A(J b-YWIN) 28.26~26 00002298 

26 IFtAt Jt-YMAX) 40.40s30 00002299 
28 YMIN=AS J). 00002300 

GO TO 40 0000230 1 
30 YMAX=AdJ) 00002302 
40 CCNTINUE 0.0002303 

YSCAL=!lYMAX-YMIN)/lOO.O 00002304 
XB=A(l) 00002305 
L=l 00002306 
MY=M-1 00002307 
I=1 00002308 

45 F=I-1 00002309 
XPR=XB+F*XSCAL 00002310 
IF(A(LbXPR) 50.50.70 00002311 

50 DO 55 &X=1.101 00002312 
55 OUT( 1X )=BLANK 00002313 

DO 60 J=l.MY 00002314 
LL=L+J+h 00002315 
JP=((AflLL)-YMIN)/YSCAL)+l.O 00002316 
OUT(JP#=ANG(Jb 00002317 

60 CONTINUE 00002318 
WRITE~~6,2)XPR..~OUT<IZ~.IZ=l~lOl) 00002319 
L=L+ 1 00002320 
GOT080 00002321 

70 WRITE(6r3) 00002322 
80 1=X+1 00002323 

Il+'(I-NLL) 45~84.86 00002324 
e4 XPR=AI N) 00002325 

GO TO 50 00002326 
86 WRITEt 6.7) 00002327 

YPR<lJ=YMIN 00002328 
DO 90 Kwlr9 00002329 

90 YPR(KN+lb=YPR(KNJ+YSCAL*lO.O 00002330 
YPR(llB=YMAX 0000~33l 



URITE~6,8)(YPR(IP~.IP=l.l1~ 00002332 
RETURN 00002333 
END 00002334 

SUBROUTINE ARC~XI,YI,XO,YO,SI.SO~XP.Y~~DlY.D2Y~D3Y.DERIX,DER~X. 
lDERIY.DERFY.NI.NO.INTb 

C ******** DETERMINES ThE ARC LENGTH OF THE AIRFOIL POINTS *++** 

DIMENSAON X~~1l.YI~1~.X0~13~YO~l~,SI~l~~SO~l~.XP~l~.YP~l~,DlY~l~. 
lD2Y< 11 .D3Y( 1) 

C SI - INPUT CHORD LENGTH SO - OUTPUT CHORD LENGTH 
C COMPUTE ARC LENGTH SI USING CIRCULAR ARC SEGMENTS 
C INT=l SPLINE XI AND YI VS SI 

EPSI=l.E-10 
Nl=NI- 1 
SI(l)=O. 

Hl=O. 
DXl=XI <2)-X1( 11 

DYl=YI(2)-YI ( 1) 
Cl=SQRT(DX1+*2+DY1**2~ 
SI(2)=Cl 
Il=<NI.EQ.E)RETURN 
DO 1 I=2,Nl 
DXl=XIl X)-X1( 1-l) 

DYl=YI(I)-YI(I-1) 
0X2=X1(1+1)-XI(I) 

DY2=YItI+l b-VI(I) 
0X=X1( 1+1)-X1 ( 1-l) 

DY=YI(I+l)-YI(I-1) 
C2=SQRT(DX2**2+DY2**2 b 
C=SQRT1DX**2+DY**23 
A=(DYl*DX-DY*DX1)/2. 
H=4.+Afi(C*Cl*C2) 
HAV=(Hl+Hb/2. 
DS=Cl*<lr+(C1/2.*HAV)**2/6.) 
SI(I)=SI(I-l)+DS 
Cl=C2 
Hl-H 

_1 CONTINUE 

00002335 
00002336 
00002337 
00002338 
00002339 
00002340 
0000234 1 
00002342 
00002343 
00002344 
00002345 
00002346 
00002347 
00002348 
00002349 
00002350 
00002351 
00002352 
00002353 
00002354 
00002355 
00002356 
00002357 
00002358 
00002359 
00002360 
00002361 
00002362 
00002363 
00002364 
00002365 
00002366 
00002367 
00002368 
00002369 
00002370 



C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 

CS=C1*d1.+~C1/2.+H)*~2/6.~ 60002371 
SItNI)=SI(hI-lJ+DS 00002372 
IF(dNT.NE.l)RETURh 00002373 

2 CONTINUE 00002374 
SPLINE XI AS A FUNCTION OF SI 00002375 

CALL SPLINE~SI,XI.SO,XG,XP.DlY,D2Y,D3Y,l.3.DERIX,DERFX~NI~N~,O~ 00002376 
3 CONTINUE 00002377 

SPLINE YI AS A FUNCTION OF SI 00002378 
CALL SPLINE~SI~YI~.SO,YO.YP.DlY.D2Y~~3Y,l~3,DERIY~DERFY~NI,N~,l~ 00002379 
RETURN 00002380 
END 00002381 

SUBROUTINE SPLINE<XIN~YLN~XOUTIYOUT~DYDX~D~Y.D~Y,D~Y~NDERI.NDERF. 00002382 
1DERIVI,DERIVF,NIN,NOUT.XNTERP) 00002383 

E B KLUNKER JANUARY 1973 00002384 
CGMPUTE A CUBIC SPLINE THROUGH THE SET OF POINTS XIN( I).YIN(I) 00002385 
XIN MUST BE MONOTONlC 00002386 
XIN,YIN INPUT INDEPENDENT AND DEPENDENT VARIABLES 00002387 
XOUJrYOUT OUTPUT I NDEPENDEKT AND DEPENDENT VARIABLES 00002388 
DlY,D2Y,D3Y lST* 2ND, AND 3RD DERIVATIVE AT SPLINE POINTS XIN 00002389 
DYDX DERIVATIVE AT XOUT 00002390 
NIN rNOUT NUMBER OF INPUT AK0 OUTPUT VALUES 00002391 
NDER I ORDER OF DERIVATIVE AT INITIAL SPLINE POINT (1.2,OR 300002392 
NDERF ORDER OF DERIVATIVE AT FINAL SPLINE POINT 1192,OR 3) 00002393 
DERIVI .VALUE OF DERIVATIVE AT INITIAL SPLINE POINT 00002394 
INTERP NE 1 INTERPOLATE FOR GIVEN VALUES YO UT 00002395 
NTIMES NE 1 SPLINE COEFFICIENTS ARE NOT RECOMPUTED 00002396 
DIMENSION XIN~1~.YIN~l~rXOUT~l~.YDUJ~l~.DYDX~l~,DlY~l~,D2Y~~)~ 00002397 

103YT 1) 00002398 
EPSI l=-l.E-10 00002399 

EPSIB=-EPSI 1 00002400 
IrIMl=NLN-1 00002401 
DX=XINaE)-XIN(1) 00002402 

I=2 00002403 
IF(DX.EQ.O.)GCl TO 35 00002404 
&=(YIN(2)-YIN(l)B/DX 00002405 
IF(NDERI-2) 1~2.3 00002406 

1 C=.5 GO002407 



F=3.+(DF-DERIVI)/DX ‘00002408 
GO TO 4 00002409 

2 c=o. 00002430 
F=DERIVI 00002411 

GO TO 4 00002412 
3 c=-1. 00002413 

F=-DX*DERIVI 00002414 
C FORWARD LOOP OF'TRIDIAGONAL MATRIX CQMPUTATION 00002415 

4 DlY(lJ=-c 00002416 
D2Y(l)=F 00002417 

DO 5 1=2,NIMl 00002418 
DXl=XIN(Itl)-XIN<Ij 00002419 
IF(DXl.EQ.O.)GO TO 36 00002420 
DFl=(Y1h(Itl)-YIN(I))/CX1 00002421 
8=2.*(,DX+DXl) 00002422 
F.=6.*(DFl-DF) 00002423 
DENUM=BtDX*DlY(I-11 00002424 
02Y<I1=(F-DX*D2Y(I-l)I/DENOM 00002425 
DlY<I)=-DXl/DENOM 00002426 
DX=DXl 00002427 
DF=DFl 00002428 

5 CONTINUE 00002429 
I=NIN 00002430 
IFtNDERF-216.7.8 00002431 

6 A=.5 00002432 
F=-3.*(DFl-DERIVFl/DXl 00002433 

GO TO 9 00002434 
7 A=O. 00002435 

F=DERIVF 00002436 
GO TO 9 00002437 

8 A=-1. 00002438 
F=DXl*OERIVF 00002439 

9 DENOM=~.tA+DlY(I-1) 00002440 

D2Y(I)=(F-A*D2Y(I-l))/DENOM 00002441 

DlY(I)=O. 00002442 

C BACK SUBSTITUTION OF TRIDIAGONAL MATRIX COMPUTATION 00002443 

K=NIN 00002944 

00 11 I-lrNIM1 00002445 

K=K-1 00002446 

-02Y~K)=D2Y(K)-+DlY(K)*D2Y(Ktl) 00002447 



lo-DXl=XIN(K+lbXIN(K) 
DFl=(YIh(K+lJ-YIN(KJJ/OXl 
DlY(K+1~=OFl+DXl/6.+~D2Y~KJ+2.~D2Y~K+lJ~ 
03Y(K+I)=(D2Y(K+l)-D2Y(K))/DXI 

11 CONTINUE 
DlY(l)=DFl-DXl/6.*(2.*D2Y[1)+D2Y(2)) 
03Ytl5=03Y(2) 
IF(INTEiP.NE.1 JGO TO 16 

C INTERPOLATE FOR GIVEN VALUES OF XOUT 
00 15 .h=lrNOUT 
DO 12 I=lrNIN 
DX=XIN!( I )-XOUT( J 1 
IF(DX.GE.EPSIl.AND.DX.LE.EPSI2#GC TO 13 
IF(DX.GEeEPSI2JGO TO 14 

12 CONTINUE 
GO TO 37 

13 YOUTiJD=YIN(I) 
DYDXIJJ=DlY(IJ 
GO TO 15 

14 DX=XOUT( Jb-XIN'6IJ 
YOUT~JD=YIN~I~tDX*~D1Y(I)+DX/2r*o+DX/3.~O3Y~IJ~~ 
DYDX(J3=DlY~I)+DX*(D2Y(IJ+DX/2.*D3Y~IJJ 

15 CONTINUE 
GO TO 23 

C INTERPOLATION FOR GIVEN VALUES OF YOUT 
16 DO 22 J=l.NOUT 

DO 17 I.=lrNIN 
DY=YINUI)-YOUTdJ1 
IF~DY.GE.EPSIl.AND.DY.LE.EPSI2~GO TO 18 
IF(DY.GE.EPSIEJGO TO 19 

17 CCNTINUE 
GO TO 38 

18 YOUT(J)=YLN(I) 
XOlJT(JB=XIN(I) 
DYDX(J3=DlY(I) 
GO TO 22 

19 DX=- DYmlY(I) 
20 YU=YIN~I)~DX*(DlY(I)tOX/2.*~D2Y~IJ+DX/3.*D3Y~IJJJ 

DY=YO-YOUTt J) 
.IF(DY.GE.EPSIl.AND.DY.LE.EPSI?JGO TO 21 

0000244 
0000244S 
00002450 
00002451 
00002452 
00002453 
00002454 
00002455 
00002456 
00002457 
'00002458 
00002459 
00002460 
00002461 
00002462 
00002463 
00002464 
00002465 
00002466 
00002467 
00002468 
00002469 
00002470 
00002471 
00002472 
00002473 
00002474 
00002475 
00002476 
00002477 
00002478 
00002479 
00002480 
00002481 
00002402 
00002403 
00002404 
00002405 
00002486 
~0002407 



~P=DlWI,+OX*(O2YtI)+DX/2.*D3Y~I)~ 00002488 
DELX=-DY/YP 00002489 
DX=DXtOELX 00002490 
GO TO 20 00002491 

21 XOUT<J.n=XIN(I 3+0X 00002492 
OYDX(J~=DlY(I)+DX*(D2Yo+DX/2.*D3Y(I)) 00002493 

22 CLNTINUE 00002494 
23 ,RETURN 00002495 
35 PRINT 100 00002496 

PRINT lOl.XIN(l~.XIN(2~ 00002497 
STOP 00002498 

36 PRINT 100 00002499 
PRINT lO2rI.XINII),XIN(I+l) 00002500 
STOP 00002501 

37 PRINT 100 00002502 
PRINT l03,J.XOUT~J).XIN(NIN) 00002503 
STOP 00002504 

38 PRINT 100 00002505 
PRINT 104,J.YOUT(J~,YIN~NIN~ 00002506 
STOP 00002507 

G 00002508 
100 FORMATd/SX,'SUBROUTINE SPLINE’/) 00002SO9 
101 FORMAT,6/5X.'ERROR IN INPUT XIN(l~=~El2.4,5X,'XIN(2~='El2.4/~ 00002510 

102 FORMATU/SX.‘ERROR IN IhPUT I=-15.5X.‘XIN(I)=‘EI2.4,5X, 'XLN(1+1)=00002511 

1 ‘El2.4A) 00002512 

103 FORMAT~~/SX,‘%OUT(J) IS OUT OF RANGE, J='15,5X,'X0UTIJ)='E12.4.5X.00002513 

l’XIN(NIN)=‘El2-41) 00002514 
m. 

‘104 FORMAT(/5X,-YOUTCJ) IS OUT OF RANGE J='I~.~X~'YOUT~J~='E~~.~.SX,OOOO~~I~ 

l'YXN(NIN)='El2-4/l 00002516 

C 
END 

0000251~ 
00002518 



APPENDIX D 

SAMPLE CASES 

The input and output for two sample cases are presented on the 

following pages. Case 1 is a typical inverse design solution, and 

Case 2 is the analysis of a typical aft-cambered airfoil. Note that 

Case 2 only has two grid halvings. In actual usage, an analysis case 

would usually have one additional grid halving and would use a non- 

zero value for CDCORR. in order to obtain accurate drag values 

(see Appendix B). 
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% 
Sample Case No. 1 - Inverse Airfoil Design 

MACH 0 .72 A IFiFOIL CES ICN -- SPMP1.E CASE 1 
&FIhP M=C.72.X1=-0.38.X2=C.5,COhV=l .E-O6.R~=20.95E06rXIBOLY=-O.34~XSFP=@.46~ 
CFNO 
EIIKP INV=l rtEhC 

0.50 1oCco.C 
82 
c. oooco @.C@OOO 
0.00397 ,0.3169z? 
O.OlH33 O.cT3076 
0.94457 C*?42Cl 
0.08217 f?.C:c;l22 
0.13025 C.r)587R 
0.18729 0.06485 
0.25163 k.06932 
0.32150 0.07204 
0.39505 p.cT7279 
0.47042 0.07126 
q.54599 O.GE692 
0.62098 0 *OS966 
0.69447 C.05065 
0.76446 O.C41?0 
0.82860 3.03235 
0.88478 O.G24?C 
C.93123 0.01728 
0.96654 0.01163 
0 l 98960 3.011759 
0.99958 cI.OC546 

0.0 1." 
80 
0.00000 0.903GO 
0.00524 -r).Cl812 
0.01943 -0.03553 
0.04321 -C.C5CP2 
0.07669 -0.06364 
0.11945 -0.07369 
0.17G77 -n. CE!99? 

-.0.22946 -O.O.E!532 

n.00012 
C.OOf47 
0.02379 
0.05293 
C.C9227 
0.14374 
C.20276 
0.26l365 
0.33961 
@.413@(! 
08 40934 
C.E64Fl 
C.63956 
0.71239 
0.78112 
0.04346 
0. E97 3e 
n.94116 
C.97349 
C.99334 
1 .oooto 
c. c 

0.0004h 
c. oc 794 
0.02446 
0.05C68 
O.O86:c3 
C.13151 
0.1e4e1 
C1.24509 

o.co441 
C.C.2072 
0.03377 
0.04449 
o.c532F; 
0.06044 
O.C6612 
0.07018 
0.07742 
0.072E4 
0.07046 
C.C6536 
CI.05751 
0.C483C 
C. CZEFB 
0.C3083 
O.C2243 
c.01574 
C.01045 
f?*c?oce7 
s.coc34 
c.c 

9d.00448 
-?.C2263 
ac.03957 
-0.C5427 
-@.C6f42 
-C.07576 
-0.08227 
-0 .nus99 

C.@0082 O.OOR72 
0.00966 0.02426 
C.02999 0.03665 
0.06199 0.04605 
c.104s4 Q.05519 
0.15775 0.06200 
0.21866 0.06729 
0.2e59F! 0.07091 
0.35793 0.07268 
C.‘4?2C2 0.07234 
C.50825 0.06947 
0.58359 0.06361 
0.65802 C.05526 
0*73005 0.04595 
c.7s74c 0.03673 
0.85700 0.02818 
C.90932 C.02062 
C.95036 0.0142!? 
0.97967 0.0093e 
C.9SE24 0.00626 

0.00150 -0.00901 
0.01119 -0.027C4 
c.03009 -0.04347 
0.05876 -0.05756 
0.09654 -0.06902 
0.14410 -0.07765 
C. 19929 -0.08346 
0.26106 -0.00647 

@.00210 0.01291 
0.01361 0.02759 
Oe03692 0803940 
0.07174 0.04909 
0.11733 0.05703 
0.17228 0.06347 
0.23495 0.06836 
0.30361 o.r)7154 
0.37642 0.07280 
0.45150 0.07188 
0.52714 0.06829 
0.60232 0.06171 
0.67634 0.05298 
0.74742 0.04360 
0.81323 0.03451 
0.8715F 0.02619 
0.92061 0.01891 
0.95082 0.01291 
0.985C4 0.00843 
0.99832 0.00578 

C.003lC -0.01357 
0.01502 -0.03135 
0.03634 -0.04722 
0.06743 -0.06368 
0.10792 -0.07145 
b.15719 -0.07936 
0.21418 -0.00448 
0.27733 -0.00677 



-0.29387 -O.O@60R 
0.36217 -0.00517 
0.43270 -6.07926 
0.50519 -0.067R2 
0.58093 -0.05179 
0.65947 -0. (33440 
O .73031 -0.01911 
0.81386 -0.00819 
0.88158 -0.00327 
0.93653 -0.00390 
0.97504 -G.OC794 
0 l 99566 -0.0118~ 

0.0 -1 .O 
-0.38 0.5c 

-0.91200 -1 .@OlzO@ 
=0~.55700 -C.3COOC 
-0.69000 -0 *E-E600 

0.21000 0.31500 
9-O .30 .5ofl 
-1.10700 -1 *lOlOO 
-1.06700 -1.O56CO 
-0 052400 -0*430CO 
-0.14400 -r?.11400 
-0.67300 -C.b770O 

-0.62100 -0.590OO 
0.167CO Oa241CC 

C.31Of5 
a* 379f5 
0.45059 
0.52379 
0.6OO37 
0.67920 
O.757E7 
0.03172 
r. e4669 
0.94700 
0.90187 
0.99009 
c.0 

-0*940C0 
-O.27500 
-O.63000 

O l 407OO 

-1*0900@ 
=I .055OC 
-c 9 37900 
-0 .a0700 
-0e 66ECO 

-0.52RCC 
C.29200 

-0.P0678 
-c.oe414 
-0 .C7694 
-0.06413 
-0 .Q 4745 
-0.03035 
-c.ciEee 
-0.00637 
-C.O0299 
-0 .C,0479 
~C.QO905 
-0.O1243 

080 

-1 .OlSOO 
-0.21500 
-0.~2OOC 

0.401CO 

-1 .C6700 
-1 .G1700 
-0.32~CC 
-0 .C550O 
-0.E570C 

-9.40e00 
O.357OC 

0.32765 
c. 25723 
C.46061 
0.54262 
0.61997 
C .69906 
C. 77676 
0.04902 
0891093 
C .95799 
0.90750 
‘2.94952 

-1 .O2COO -1.04900 
-n. 15400 -0*10r00 
-0.61100 -0.56100 

0.53100 0.54700 

-1.07600 
-0.91700 
-C. 204CC 
-0 .CO700 
-0.64900 

-0.267CO 
0.39600 

0.51600 0.52000 0.531OC 0.5 1000 C.53200 

-0.00647 
-0.08283 
-0 .O7426 
-C.O6OI9 
-0.0430e 
-0.02630 
-0.01296 
-0 .on495 
-0.00303 
-0.00575 
-0.OlC1C 
-0.31270 

-l.O7R@O 
-0.R0R00 
-0.24400 

-0.63700 

“0.139CC 
0.43600 

9.34403 -0 .a0594 
C.41492 -0.00121 
0.40600 -0.07121 
0.56167 -0.05606 
0.6396E -0.03874 
0.71076 -0 .O2262 
0.79552 ~0.01039 
0.8656F -0.0C.392 
0.92423 -0.00338 
0.9670e -0.00602 
0.99210 -0.i31105 
1 l 0000O -0.01290 

-1.90lOO 
-0.0410C 
-C .305oc 

O.57OOC 

-1.06900 -1.06100 
-0.701 oc -0.60800 
-0.207CO -0.16200 

-0.65900 -0.62800 

0.0029C C. 08900 
0.47OOO 0 l 49000 

-0.58300 

0.04000 
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x CPU 
-“.9P” 

0.0”” 
“.““J 
0.001 

94 

L  
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,.’ 

: 
‘. : 

., .: 
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-0.49”” 

-0.*5*0 
-“..30” 

-0.39”” 
-“.,,“” 

-0.3,“” 

-0.29”” 
-0.27”” 

-0.*300 
-0.21”” 

-*.,700 
-“.,S”” 

-0.11”” 
-“.“9”? 

-0.0500 
-0.0,“” 

“.“I”” 

0.05”” 
“.“7”” 

O.,,“” 
0.13”” 

0.17”” 
0. ,900 

“.P3”” 
“.PS”” 

“.PP”” 
0.1,“” 

0.15”” 

“.J9”” 
O..,“” 

0.45”” 
“..,“” 
“..9”” 

L  

L  

L  

L 
L 

L 

L 

L 
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“NE. 
“.“b*PO 
0.0‘503 
“.“67Z, 
0.06909 
0.070.7 
0.071.” 
0.072”LI 
0.07233 
“.“7P*” 
0.07168 
“.“7”7J 
“.“6PJ:, 
0.0074 I 
O.Ob.14 
“.“bIC~ 
“.““a”1 
0.05.“” 
“.““I)P5 
“.“.,Lltl 
“.“*I 3c 
“.“,a”” 
0.03239 
“.“27BB 
C.“ZII” 
“.“I”b, 
“.“,J,> 
“.“009” 

-“.““.?e~ 
“hE. 

“.“~“J” 
“.“4L(5LI 

-“.J”P,1 *.CL>,O “.“O>“J “.“““I~ 
-*..?7*2, “.‘b,1” “.“07P7 “.“““Z1 
-&cI”o> “.C”,JD 0.011~01 “.“““3” 
-0.21709 c.c,‘*> 0.07017 “.J”“J~ 
-“.lt”r, “.C,,,, “.“,,~C 0.~1”“~ 
-0.,,>7, “.C,I”I “.“72”d “.“““LJ 
-“.,2”7” “.LIdPJ “.“7LJ, “.C”“b” 
-“.“5,57 C.LIZM7 “.“,Z*Y “.“““67 
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0.00192 
0.0016” 
0.00148 
0.0014” 
0.00134 
“.““1J” 
“.““l25 
0.00119 
“.““II I 
“.““1”1 
0.00099 
“.“““8” 
“.“““73 
“.““““~ 
“.“““bl 
“.“““5~ 
“.“““b3 
“.“““>” 
“.“““46 
“.“““O3 
“.“““42 
“.“““1B 
“.“““5R 
“.“““7” 
0.0009* 
0.00113 
“.““LIJ 
0.00141 
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Sample Case NO. 2 _ Aj rfoi 1 Analysis with Vi SCOUS IIlteraCtiOn 

SAMPLE CASE hrC. P--KCRh AIfiFC IL 75-n6-12 TWO CR XC +ALVINGS ONLY 
EF INP M=0.752.tiN=20. SEE+Ct,&END 
EI IhP [TACT-I ,&ENC 

61 
0.0 
O.r)0365 
0.01906 
0.04503 
0.08057 
0.12642 
0.18103 
0.24408 
0.39695 
0*53793 
0.6830 2 
0. El214 
0.91660 
0.97125 
0.99262 
1 .OOQOO 
0.0 

51 
0 .QOOOO 
0.00605 
0.02366 
0.05250 
0.13920 
C .25793 
0.3eo20 
0.53091 
C .68491 
C.79713 
0.90679 
G.96934 
0.99010 
0.0 

0iC0074 
3.01296 
Oa02415 
0.0351'3 
O*C4444 
O.OSllE 
0.05676 
O.OEl c4 
0.06556 
0.06375 
O.OE39C 
C.03558 
0.01533 
r) .OC472 
o.@Cln9 
O.oOnO~ 
1.0 

0 .OG@C3 C.CC349 0.00056 '3.(?0717 c,oo171 CI.01315 
n .0064C 0.01573 r).oc993 C .01852 0.01415 C.C2133 
C.024El O.C26CE 0.03@0? 0 .fJ297‘J 0.03761 C .C3245 
c.05304 0. c?76e 3.CElEZ 0.C4C.09 0.37080 0. C4237 
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